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ABSTRACT
Relationships Between Sensory Reactivity, Restricted and Repetitive Behaviors, and Autonomic
Nervous System Activity in Autistic and Non-Autistic Individuals
by
Sapir Soker-Elimaliah
Advisor: Dr. Jennifer B. Wagner
The current dissertation includes seven chapters. Chapter 1 includes my professional
background and describes the experiences that led me to study restricted and repetitive
behaviors. It also briefly describes my personal journey as an international graduate student.
Chapter 2 is devoted to the rich literature that this dissertation is based on. The literature review
covers both the foundational and most recent findings in the fields of sensory reactivity,
restricted and repetitive behaviors, and autonomic activity, as well as the known relationships
between these areas in autistic and non-autistic individuals. In Chapter 3, I describe in detail the
methodology used in the current dissertation, including a description of the participants and the
study design and analysis choices. Chapters 4 through 6 describe three experimental studies
examining different aspects of the relationships between sensory reactivity, restricted and
repetitive behaviors, and autonomic activity. Chapter 4 presents findings from a study conducted
with both children and adults examining the pupil light reflex as it relates to levels of autistic
traits in both age groups. Chapter 5 presents findings from a remote questionnaire study using
caregiver-report measures that examines the relationships among sensory reactivity, restricted
and repetitive behaviors, and adaptive behaviors in non-autistic children. Chapter 6 extends the
questionnaire study of Chapter 5, presenting findings from an in-person study with a subset of
children (limited due to restrictions related to COVID-19) that aimed to examine the role of
iv

autonomic activity in the relationship between sensory reactivity and restricted and repetitive
behaviors in order to begin uncovering the potential mechanisms underlying this relationship.
Finally, Chapter 7 is devoted to an overarching conclusion, potential implications, and a
description of future plans for my own line of research, which include examining new questions
in autistic populations and then extending these questions into the general, broader, population.
The motivation behind the research presented in this dissertation is to better understand
behaviors that are associated with and prevalent in autism and are also highly stigmatized.
Research showing that autistic traits vary widely in the general population can speak to and
contribute to the increasing awareness and acceptance of the autistic experience, which is just
different, not less.
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CHAPTER 1
My official journey to my Ph.D. started in 2017 on the day of my 28th birthday, with a
‘Congratulations’ email notifying me that I was accepted to the Psychology Ph.D. program of the
City University of New York (CUNY). Though I did not fully understand the path that I was
starting toward, I knew that I was now on my way. As a first-generation student, I did not fully
understand what it meant to go to graduate school, but I knew that I wanted to learn, and I was
ready for the challenge. So how did I get here? By plane, obviously. However, my professional
route was a little bit more complicated, and while the Ph.D. program was my official beginning,
my interests in understanding and working with autistic individuals started earlier. During my
undergraduate degree, I first became involved with research as a participant in a study that
examined physiological responses to psychoanalysis therapy. The use of electrocardiography in
that study sparked my interest in physiological markers of emotional processing. I joined Dr.
Gary Diamond’s Psychotherapy Research Lab as a research assistant and helped with data
coding of family therapy sessions of depressed and suicidal adolescents. As I progressed in my
undergraduate studies, I was exposed to the field of developmental psychology, and I was
particularly drawn to the study of developmental conditions. My interest in autism began to
grow, and the more I read about research in the autism field, the more I realized how much there
was still to uncover, and I knew that this was the path I wanted to take in my career. I started by
looking for job opportunities with young autistic children to gain first-hand experience that
would help me to understand their needs and challenges better. While a senior in college, I
became a personal aid to an autistic toddler in a private day-care. For a full school year, I
shadowed this autistic toddler, assisting him in the development of communication skills (e.g.,
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pointing gestures), social skills (e.g., participating in group activities and one-on-one interactions
with peers), and self-regulation.
After I graduated, I became a teacher in an autistic support preschool (ALUT - The Israeli
Society for Autistic Children). As a preschool teacher, I taught activities of daily living, selfhelp, communication and social skills, and educational content according to Applied Behavior
Analysis (ABA) protocols to a group of seven autistic preschoolers. This job also allowed me to
participate in a designated professional forum of autism researchers and therapists. This biweekly forum hosted talks about new developments and advancements in research and therapy
for autistic individuals. Although I participated as a therapist, I increasingly knew I wanted to be
more involved with research.
While working with the children and the therapists and learning about the variability in
the behaviors and how they were regarded by the ABA protocol, I had developed some questions
about these therapy protocols, especially for restricted and repetitive behaviors. Because of this, I
decided to open my own clinic for therapy that more flexibly combined ABA protocols with
other therapy approaches. Through these different therapeutic experiences, I learned more about
the difficulties that autistic children and their families face and began to develop a better
understanding of the professional support they need. One area that stood out was restricted and
repetitive behaviors (RRB). These behaviors appeared to be triggered by sensory stimuli (either
internal or external) and were a major source of concern to caregivers. However, it was clear that
RRB served at least one function: self-regulation. This presumed role of RRB sparked my
interest to study this topic in-depth, and I sought to clarify the function of RRB by examining the
physiological mechanisms that could underlie these behaviors. I continued reading about
developments in this area of research, and as I ran my clinic that year, I began working on my
2

applications for graduate school across the US with the goal of pursuing my growing passion to
learn more about RRB.
After I joined the Psychology Ph.D. program at the CUNY Graduate Center, I began to
develop my understanding of research procedures by learning about a variety of research
methods, designs, and analysis approaches, also deepening my understanding of RRB and autism
by researching the literature. I also wanted to further my understanding of the needs of autistic
individuals and to gain more firsthand experience. Therefore, I became a mentor of autistic
college students as part of Project REACH (Resources and Education on Autism as CUNY’s
Hallmark). This experience has reinforced my already high motivation to study RRB in order to
develop a stronger theoretical understanding of RRB; my ultimate goal would then be to share
this knowledge with professionals who work with autistic individuals, including therapists,
teachers, and researchers, helping to guide their approaches on this topic.
While the studies presented in this dissertation are a consequence of my professional
experiences outside and inside the Ph.D. program, the overarching questions and goals are
themselves a product of many iterations of very raw ideas I came up with before joining the
program. These ideas began to take shape on a very cold day in NYC, in one of many Starbucks
cafes in Manhattan, as my advisor (Dr. Jennifer Wagner) and I discussed the design of these
studies in depth. Over the years, I submitted versions of this study to at least 12 funding
opportunities, including the Autism Science Foundation and the National Institute of Health
(NIH), and each application helped me shape and clarify my ideas, research questions, and goals.
This project was eventually funded by the Provost’s Pre-Dissertation Fellowship in 2020 and the
Doctoral Student Research Grant in 2019 and 2021.
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Over my time in the Ph.D. program, my study focus has transformed from RRB to
sensory reactivity, with my growing understanding of the field, as sensory reactivity is part of
RRB in the Diagnostic and Statistical Manual of Mental Disorders (DSM), and many studies
described the strong link between them. My study design was further improved by adding
measurement of adaptive behaviors, as it has also been found to be strongly linked to RRB and
sensory reactivity. Finally, the way I think about and describe RRB has changed tremendously,
thanks to important work by Dr. Steven Kapp.
I still have a lot more to learn, and I hope to continue developing as a researcher and
scholar and working closely with autistic individuals. I hope this dissertation project reflects my
passion to research and improve society for better acceptance of autistic individuals by
understanding the effects of autistic traits on development in the broader populations.
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CHAPTER 2
The working model (see Figure 2.1) that guides this dissertation assumes that the way
individuals respond to sensory stimuli in the environment affects their physiology and causes an
imbalance in autonomic activity. This dysregulated autonomic state needs to be regulated, and
people might use certain behaviors to bring their autonomic state back to baseline. Overall,
sensory stimuli in the environment might affect the physiology, and then, in turn, behaviors. To
better demonstrate this working model, I describe a common scenario. When you first enter a
new grocery shop in a foreign country, everything looks new and unfamiliar. The packages are in
different sizes, shapes, and colors from what you use to, and the shop is organized differently, so
it is a little disorienting. There is music in the background, some people are talking on their
phones or with each other, a child is asking for a candy, and when refused, he starts to cry,
loudly, and on top of that, the carts are rattling. You pass the Sea Food department, and it smells,
then you pass the cheese department, and the smell is sharp. The signs are colorful, big, and
bright and all together, it is overwhelming and stressful. You have two options, either try to selfregulate, maybe by blocking out some of the stimuli and continuing to shop, or else leave the
store and order groceries online. In this scenario, the sensory stimulation was overwhelming,
which probably caused some elevation in heart rate, which one might experience as stress that
needs to be resolved with either a self-regulatory behavior or avoiding behavior. This could be
one way by which sensory stimuli can affect behaviors. On a daily basis, people are bombarded
with sensory stimuli, but most of them can be filtered out, to avoid sensory overload. However,
this is an acquired skill, and people vary in their ability to filter our stimulation and in how they
respond to these stimuli, as in autistic people, for example.
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Figure 2.1. Dissertation working model: the response patterns to sensory stimuli might affect physiology,
which in turn can impact behaviors, particularly, self-regulatory behaviors.

Autism spectrum disorder1 (autism) is a neurodevelopmental condition that is
characterized by 1) difficulties in social communication and social interaction, and 2) restricted
and repetitive behaviors (RRB; American Psychiatric Association, 2013). Social difficulties can
be manifested by difficulties in social-emotional reciprocity and deficits in nonverbal
communicative behaviors. RRB can be displayed by stereotyped or repetitive motor behaviors,
restricted and inflexible areas of interest, insistence on sameness, and hypo- or hyper-reactivity
to sensory input. In earlier versions of the DSM, sensory reactivity, which refers to difficulties in
responding to sensory stimuli, was not part of RRB (e.g., DSM-IV; American Psychiatric

1

Autism spectrum disorder will be referred to as autism and not as ASD throughout this dissertation based
on recommendations by autistic advocates. Additionally, identity-first language will be used (i.e., autistic
individual), rather than person first language (i.e., individual with autism; see Bottema-Beutel et al., 2020).
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Association, 1994). However, studies showed that RRB and sensory reactivity were strongly
linked, and these sensory features were therefore added to the diagnostic criteria for autism in the
newest (fifth) version of the DSM (DSM-V; American Psychiatric Association, 2013). Although
adding sensory reactivity to the diagnostic criteria might help validate some experiences and
difficulties of autistic individuals, diagnostic criteria do not include temporal explanations.
Therefore, sensory reactivity might be interpreted as a subtype of RRB, though it might actually
precede RRB. With many studies establishing the relationship between sensory reactivity and
RRB, it will be beneficial to better understand the role of sensory reactivity in the autistic
experience. Many autistic advocates described their sensory experiences in detail in relation to
RRB, and some specifically describe how RRB can help with sensory overload. This means that,
perhaps, sensory reactivity is not a subtype of RRB, but is part of the factors that trigger these
behaviors. Additionally, engaging in RRB might provide sensory feedback, which can then lead
to RRB to cease. Because of that, it is important to think of sensory reactivity and RRB
temporally and examine them as they affect each other bi-directionally, rather than hierarchically
as in the DSM-V, treating one only as a subtype of the other.
Recent research has studied the biological mechanisms that might underlie sensory
reactivity and RRB, with several studies discussing the role of the autonomic nervous system, the
system that maintains homeostasis in the body through regulation of bodily responses outside
conscious awareness. The autonomic nervous system has been found to be related to both RRB
and sensory reactivity.
This chapter consists of two major sections that will provide the theoretical background
for the current dissertation. The first section provides an introduction to sensory reactivity and
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RRB, and then reviews the literature identifying relations between them in autism. The second
section describes studies linking autonomic activity to RRB and sensory reactivity in autism.
Sensory Reactivity and Restricted and Repetitive Behaviors in Autism
RRB refer to a variety of inflexible behaviors, including stereotyped motor movements,
circumscribed areas of interest, and insistence on sameness in routine. Many studies have
defined the different types of RRB, and overall, the literature suggests five primary subtypes: 1)
Sensory-motor behaviors, which include behaviors that involve repeated motor movements with
the body or with an object (e.g., hand flapping, body rocking), 2) Restricted interests, which refer
to intense focus on a subject or a focused interest (e.g., preoccupation with weather), 3) Selfinjurious behaviors, which are defined as behaviors that have the potential to result in an injury
and to harm the individual (e.g., self-biting, head slamming against the wall), 4) Compulsive
behaviors, which are defined as behaviors that have to be performed and completed according to
a rule or a set of rules (e.g., need for items to be arranged in a particular order or angle), and 5)
Ritualistic/Sameness behaviors, defined as a complex set of behaviors that have to be done in a
certain way, and also includes insistence on sameness and resistance to minor changes in routine
(e.g., taking the same route when driving to school, even if the road is jammed with traffic).
RRB are highly prevalent in autism, and their presence is a required criterion for autism
diagnosis (American Psychiatric Association, 2013). RRB are not unique to autism but can be
found in children with other developmental disabilities and in non-autistic children, especially
during certain periods of development (Harrop et al., 2014). Some studies have suggested that
RRB in infancy are associated with the development of certain motor skills. For example, handsand-knees rocking was assumed to be a first step in preparing an infant for crawling (e.g.,
Thelen, 1979). Thelen (1979) suggested that RRB early in development might precede more
8

complex behaviors that the infant is in the process of gaining and could result from an
overloaded neuronal processing capacity that results in performing the most basic and
uncomplicated behavior. However, the presence of RRB beyond the second year of life has been
found to be predictive of negative developmental outcomes, such as social-communication
difficulties and reduced non-verbal communication skills (e.g., Watt et al., 2008).
RRB have been studied in relation to many aspects of development, including age,
cognitive functioning, and social-communication skills (for reviews, see Berry et al., 2018;
Leekam et al., 2011). Studies have shown that increased engagement with RRB is associated
with more difficulties with social interactions in autistic and non-autistic children (Barret et al.,
2004; Lampi et al., 2020). Further, studies with a younger population show that different types of
RRB, such as stereotyped motor movements with the body or with objects, are associated with
more social-communication difficulties in both autistic toddlers (Watt et al., 2008; Wolff et al.,
2014) and in toddlers with an older autistic sibling, who are therefore at increased likelihood for
autism themselves (Chaxiong et al., 2022; Ozonoff et al., 2008). RRB were also examined in
relation to adaptive behaviors, and studies show that overall RRB negatively predicts concurrent
adaptive behaviors in autistic children (McDonald et al., 2015), and increased levels of different
types of RRB prospectively predict reduced verbal and non-verbal skills and adaptive behaviors
in autistic (Troyb et al., 2016) and non-autistic children (Larkin et al., 2017).
Studies have established the relationships between RRB and negative developmental
outcome, therefore, it is not surprising that studies have also found that excessive engagement
with RRB interferes with learning opportunities, which can in turn, affect other aspects of
development (e.g., Mundy & Rebecca Neal, 2000; Watt et al., 2008). Because learning is a
cumulative process that occurs rapidly and in greater intensity in almost every activity during
9

childhood, interference during this process, as can happen as a result of RRB, could have
detrimental cascading effects on later developmental outcomes. RRB can also interfere with the
acquisition of social-communication skills in more than one way. First, the development of
social-communication skills is dependent on attention allocation to the relevant cues in the
environment (e.g., Courchesne et al., 1994), and autistic children show a reduced preference for
social stimuli compared with non-social stimuli (e.g., (Dawson et al., 1998; Frazier et al., 2017).
Perhaps engagement with RRB might shift the (already limited) attention from relevant social
cues, causing even greater difficulty learning about the social environment and responding to its
dynamic demands. Additionally, engagement with RRB was found to reduce attention to external
activities, leaving the individual focusing on internal sensations, which can in turn cause the
individual to miss opportunities to engage in social interaction and/or activities (e.g., Lewis,
2004). Moreover, RRB are sometimes perceived as odd and disruptive (e.g., in class or at work),
which in turn might make others not want to socially engage with autistic individuals who
exhibit RRB in public (Kinnear et al., 2016). Studies have shown that family members of autistic
individuals feel shame regarding RRB in public and sometimes to the extent of avoiding
activities outside (e.g., Barrett et al., 2004; Swaab et al., 2017).
Though RRB were traditionally described as undesired, somewhat disruptive, behaviors
and were studied in relation to their potential negative outcomes, they are increasingly being
discussed as having an important self-regulatory role. Studies have suggested that the presence of
RRB in a given situation might reflect that distress has been experienced that needs to be
regulated (e.g., Baker et al., 2008; Militerni et al., 2002). Relatedly, other studies have found that
RRB and anxiety are tightly linked (e.g., Joyce et al., 2017; Lidstone et al., 2014; Rodgers et al.,
2012). This link has been described in both directions, with some studies describing RRB as a
10

coping mechanism for anxiety (Joosten et al., 2009; Spiker et al., 2012), while others suggest that
engaging in RRB elicits and exacerbates anxiety (e.g., Sofronoff et al., 2005; Wood & Gadow,
2010).
When collecting personal accounts from autistic individuals, RRB are described as
helping to reduce stress and anxiety, regulate emotions (negative and positive), and cope with
sensory overload (Joyce et al., 2017; Kapp et al., 2019). Autistic individuals also describe RRB
as enjoyable and rewarding, and as a means of self-expression (Charlton et al., 2021; Joyce et al.,
2017; Kapp et al., 2019). Moreover, RRB were found to be linked to positive and desirable traits
such as attention to detail, expertise in one or more areas of personal interests that can lead to
better employment opportunities (e.g., (Howlin, 2003; Patten Koenig & Hough Williams, 2017;
Prior & Ozonoff, 2007).
One aspect of the RRB criteria for autism diagnosis is the presence of hypo- or hyperreactivity patterns to sensory input, or the excessive seeking of sensory input (American
Psychiatry Association, 2013). Sensory reactivity was defined as atypical response to sensory
input, which can be manifested in three types of responses – hypo-reactivity, hyper-reactivity,
and sensory seeking (e.g., Baranek et al., 2006; Boyd et al., 2010). Difficulties in sensory
processing are common in autism, and between 45% to 95% of autistic individuals show
challenges in processing sensory stimuli (Ben-Sasson et al., 2009). However, sensory difficulties
are not unique to autism, affecting 5.3% to 8% of non-autistic individuals (Ahn et al., 2004;
Jussila et al., 2020; Little et al., 2017). Atypical sensory processing refers to challenges in
integration, organization, and discrimination of sensory stimuli that could result in an
inappropriate response and/or difficulty regulating a response (Baranek, 2002; Ben-Sasson et al.,
2009). Adaptive functioning is dependent, in part, on the effective integration of sensory stimuli,
11

which refers to the organization process of the constant flow of sensory input from the
environment that occurs in the brain. The way sensory stimuli are processed, integrated, and
managed can help lead to appropriate responses. For example, in infancy, reaching to a rattle is
an adaptive and purposeful behavior preceded by sensory integration of visual (i.e., seeing the
rattle) and auditory (i.e., the sound of the shaking rattle) information (Ayres & Robbins, 2005).
Studies have found that sensory processing difficulties also affect many concurrent aspects of
development more generally, including difficulties with social skills (e.g., John et al., 2021),
sleep and eating problems (e.g., Boterberg & Warreyn, 2016), and lower participation in school
and daily life activities (Chien et al., 2016; Jasmin et al., 2009). Additionally, a prospective study
has examined the relationships between changes in sensory processing between the ages of 5 and
8 years and adaptive behaviors at 8 years. This study found different developmental trajectories
of sensory processing at the age of 5 years (i.e., sensory difficulties either decrease, increase, or
stayed stable between the ages of 5 and 8 years), and being in either of these trajectories affected
later levels of adaptive behavior levels at the age of 8 years. For example, autistic children with a
decrease in sensory difficulties showed an increase in socialization and daily living skills
(Dellapiazza et al., 2022). It is important to note that sensory sensitivity refers to the perceptual
aspect of the sensory input, and can be measured through stimulus detection tasks (e.g., detection
of visual stimuli in varying degrees of contrasts; (Schulz & Stevenson, 2020), while sensory
reactivity refers to the response pattern to the sensory input, which can be reliably measured
through behavioral observation, including self/caregiver reports (Schulz & Stevenson, 2020).
The current dissertation is focused on sensory reactivity.
Sensory reactivity has been discussed in terms of three patterns: hypo-reactivity, hyperreactivity, and sensory seeking (e.g., Boyd et al., 2010; Feldman et al., 2020; Liss et al., 2006;
12

Miller et al., 2007), and these patterns can co-exist in children (Ausderau et al., 2014; Tomchek
et al., 2018). Hypo-reactivity patterns involve an unawareness or a slowed response to sensory
stimuli, while hyper-reactivity patterns involve exaggerated and prolonged responses to sensory
input. Sensory seeking patterns refer to intense interests in sensory stimuli and intense and
prolonged responses to them (e.g., Baranek et al., 2006; Ben-Sasson et al., 2009). A metaanalysis by Ben-Sasson et al. (2009) sought to examine the unique characteristics of sensory
reactivity patterns in autism. Across the 14 studies included in the analysis, the hypo-reactivity
pattern was most prevalent in autistic toddlers compared to non-autistic toddlers. However,
factors such as age and level of cognitive functioning affected the prevalence of each of the
patterns (Baranek et al., 2006). When chronological age was examined as a moderator, a nonlinear trajectory was found, with an increase in hyper-reactivity and sensory seeking patterns up
to age nine years, followed by a subsequent decrease in these (Ben-Sasson et al., 2009). Further,
Baranek et al. (2013) showed that hypo-reactivity patterns decreased with both chronological and
mental age, with reduced levels of hypo-reactivity patterns in older ages. A more recent metaanalysis by Ben-Sasson et al. (2019), including 55 studies (an additional 41 studies from the first
meta-analysis published in 2009), showed that hyper-reactivity differentiated autistic children
from non-autistic children (with or without developmental conditions). This meta-analysis
included studies with autistic and non-autistic children, as well as children with developmental
conditions such as attention deficit and hyperactivity disorder and general delays. Findings show
that hypo-reactivity specifically differentiates autistic children from non-autistic children without
any developmental condition, and sensory seeking was elevated in autistic children compared to
non-autistic peers (with or without developmental conditions).
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With hypo-reactivity and hyper-reactivity patterns distinguishing autistic children from
their peers (Adamson et al., 2006; Baranek et al., 2006, 2013; Ben-Sasson et al., 2019;
Dakopolos & Jahromi, 2019; Rogers & Ozonoff, 2005; Schoen et al., 2009), studies have also
examined how sensory reactivity relates to autistic traits. For example, overall sensory reactivity
levels were found to be associated with more social-communication difficulties (Nowell et al.,
2020). When looking at the different sensory reactivity patterns in relation to socialcommunication skills, hypo-reactivity was found to be associated with social-communication
difficulties in autistic and non-autistic children (Dakopolos & Jahromi, 2019; Feldman et al.,
2020; Foss-Feig et al., 2012; Grzadzinski et al., 2020; Hilton et al., 2007; Liss et al., 2006;
Watson et al., 2011), as well as hyper-reactivity and sensory seeking (hyper-reactivity:
Dakopolos & Jahromi, 2019; Feldman et al., 2020; Hilton et al., 2007; sensory seeking: Baranek
et al., 2018; Damiano-Goodwin et al., 2018; Feldman et al., 2020; Foss-Feig et al., 2012; Liss et
al., 2006; Watson et al., 2011).
Studies have also examined the relationships between sensory reactivity and RRB, and
found that overall, more sensory reactivity (i.e., more atypical responses to sensory input) was
associated with elevated levels of RRB (Boyd et al., 2009; Gabriels et al., 2005; for a review, see
Leekam et al., 2011). Additionally, overall levels of sensory reactivity were found to be
associated with different RRB subtypes, with more sensory reactivity related to increased levels
of Sensory-motor behaviors (Duerden et al., 2012) and Self-injurious behaviors (Gal et al.,
2010). When examining the different sensory reactivity patterns alongside RRB, higher levels of
RRB were associated with sensory hyper-reactivity patterns (Black et al., 2017; Boyd et al.,
2010; Chen et al., 2009; Feldman et al., 2020; Grzadzinski et al., 2020; Schulz & Stevenson,
2019; Zetler et al., 2022). Specifically, hyper-reactivity was associated with RRB involving
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motor movements, compulsion, and ritualistic and sameness behaviors (Boyd et al., 2010; Schulz
& Stevenson, 2019; Wigham et al., 2015; Zetler et al., 2022). Additionally, increased levels of
overall RRB were associated with hypo-reactivity (Feldman et al., 2020; Foss-Feig et al., 2012;
Zetler et al., 2022), and specifically with Sensory-motor behaviors (Fetta et al., 2021; Wigham et
al., 2015), restricted interests (Fetta et al., 2021), and compulsive and ritualistic/sameness
behaviors (Zetler et al., 2022). However, Boyd et al. (2010) did not find associations between
hypo-reactivity and any of the RRB subtypes. Finally, RRB were also found to be associated
with sensory seeking patterns (Boyd et al., 2010; Feldman et al., 2020; Foss-Feig et al., 2012;
Zetler et al., 2022). Specifically, sensory seeking was associated with sensory-motor behaviors,
restricted interests (Fetta et al., 2021; Zetler et al., 2022), compulsive behaviors (Zetler et al.,
2022), and ritualistic or sameness behaviors (Boyd et al., 2010; Zetler et al., 2022). Other studies
examined whether RRB can be predicted from sensory reactivity and found that hyper-reactivity
predicted RRB both concurrently (Schulz & Stevenson, 2019; Zetler et al., 2022) and
prospectively (Chen et al., 2009; Grzadzinski et al., 2020).
Recent work has shown that elevated levels of hypo-reactivity early in development are
predictive of social-communication difficulties later in life (Y.-J. Chen et al., 2022; Nowell et al.,
2020). Further, it has been suggested that hyper-reactivity can lead to experienced
overstimulation that might cause distress that needs to be regulated with the first available selfregulation method, which could be, in some cases, basic level behaviors such as RRB (Baker et
al., 2008).
Thus far many studies focused on comparing autistic individuals to non-autistic
individuals, and associations between behaviors were examined either in autistic samples or in
combined samples of autistic and non-autistic. Only recently a few studies examined questions
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previously examined in autistic population in a completely non-autistic sample (e.g., Schulz &
Stevenson, 2019). Examining RRB and sensory reactivity in non-clinical populations, in addition
to an autism group, contributes to a growing line of research about autism-related traits in the
general population. This type of work may allow generalization of conclusions to the broader
population, and not only to clinical populations. The dimensional approach to autism states that
autistic traits can be found in the general population to varying degrees, and this variation is also
referred to as the broader autism phenotype (BAP; Wheelwright et al., 2010). The results for
both groups (i.e., findings regarding the relationship between sensory reactivity and RRB)
provide further support to the BAP approach, suggesting that the strong relationship between
RRB and sensory reactivity patterns is not unique to autism but can also be generalized to the
broader population.
Sensory Reactivity and Restricted and Repetitive Behaviors in Relation to Autonomic
Nervous System Activity in Autism
Because autonomic activity is known to play a key role in modulating and regulating
sensory and bodily responses (e.g., Hirstein et al., 2001; Schaaf et al., 2015), and because RRB
are presumed to have a self-regulatory role, research has examined the autonomic nervous
system with the aim of gaining a deeper insight into the underlying mechanisms of sensory
reactivity and RRB (for a review, see Gomez et al., 2017).
Changes in autonomic activity can occur as a response to sensory stimuli, and extreme
deviations from baseline need to be effectively regulated (Matthews et al., 1986); dysregulated
autonomic activity might indicate difficulties in regulation of responses to sensory stimuli
(Schoen et al., 2009). The autonomic nervous system includes the sympathetic nervous system,
which is most active during stressful situations, and the parasympathetic nervous system, which
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is most active during rest. Sympathetic activity has been reliably measured through
electrodermal activity, a non-invasive measure that captures the electrical properties of the skin,
also known as skin conductance. Parasympathetic activity has been reliably measured using
respiratory sinus arrhythmia, which refers to the variation in timing between heartbeats in the
frequency of respiration, and the initial phase of the pupil light reflex (PLR), which is the pupil
constriction response to a quick flash of light. Although pupillary responses more broadly can be
controlled by both sympathetic and parasympathetic nervous systems, the initial phase of the
PLR (see Figure 2.2), including measures of constriction amplitude and latency, have been
shown to predominantly reflect parasympathetic activity (Barbur, 2004).
In past research, autonomic activity has been found to be different in autistic individuals
(e.g., Bujnakova et al., 2016). Studies using electrodermal activity suggest that autistic
individuals have heightened sympathetic activity at baseline (Bujnakova et al., 2016; Kushki et
al., 2013) and during social interaction (Joseph et al., 2008), which might contribute to the
observed social difficulties in autism (Joseph et al., 2008; Kaartinen et al., 2016; Kylliäinen et
al., 2012). However, results are mixed, and some electrodermal activity studies have found no
differences in sympathetic nervous system activity between autistic and non-autistic peers
(McCormick et al., 2014; Prince et al., 2017). It has been suggested that the developmental
heterogeneity of autism may contribute to the inconsistency in findings, with some potentially
hyper-responsive individuals showing, for example, heightened electrodermal activity, while
potentially hypo-responsive individuals might show reduced electrodermal activity, leading to a
lack of group differences (e.g., Hirstein et al., 2001).
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Figure 2.2. Adapted from Nyström et al. (2015), this figure shows the initial constriction phase of the
pupil light response (constriction as a response to a quick plash of light), which was a measure of
autonomic function included in this dissertation that is predominantly controlled by the parasympathetic
nervous system.

As in the case of the sympathetic nervous system, findings have been mixed regarding
parasympathetic differences in autism as well. In some studies, parasympathetic activity, as
measured through respiratory sinus arrhythmia, was found to be reduced in autistic children
compared to their non-autistic peers (Bal et al., 2010; Bujnakova et al., 2016; Lory et al., 2020
for a review see Condy et al., 2019). However, other studies did not find differences in
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parasympathetic activity between autistic and non-autistic children (Hollocks et al., 2014; Schaaf
et al., 2015; Sheinkopf et al., 2013; Watson et al., 2012; for a review see Condy et al., 2019).
Studies have examined autonomic activity in the two primary autonomic nervous system
branches alongside autistic traits and found that reduced parasympathetic activity has been
related to worse social skills in autistic individuals across development (e.g., Bal et al., 2010;
Van Hecke et al., 2009). Studies have also examined autonomic activity in relation to sensory
reactivity (for a review see Gomez et al., 2017) and RRB (Condy et al., 2017; Matsushima et al.,
2016; Patriquin et al., 2013; Van Hecke et al., 2009), and findings from these studies will be
described below. For relationships with the sympathetic nervous system, studies have found that
heightened sympathetic activity, indicated by high skin conductance level, was associated with
increased sensory reactivity (Hirstein et al., 2001), more RRB (Prince et al., 2017), and fewer
adaptive behaviors (Reynolds et al., 2012) in autistic children. Studies have also found that
elevated sympathetic activity was associated with general increased sensory processing
difficulties (McIntosh et al., 1999) and with hyper-reactivity to auditory stimuli (Chang et al.,
2012). However, other studies that examined the relationships between sensory reactivity on the
different sensory modalities have not found associations with sympathetic activity (Lane et al.,
2012; Schoen et al., 2009).
Though there is not much known research regarding the relationship between sensory
reactivity patterns and sympathetic activity, an increasing body of work examines sympathetic
activity alongside RRB and adaptive (or maladaptive) behaviors. Prince et al. (2017) examined
the relationship between RRB and sympathetic activity in autistic toddlers, measured through
skin conductance level during play, and found that skin conductance level changes as a function
of the toy presented to the child. For example, skin conductance level decreased when children
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played with non-interactive figurines but increased when they played with wind-up toys. Other
studies examined sympathetic activity in relation to challenging behaviors, such as aggressions
and self-injurious behaviors, and found that electrodermal activity and heart rate significantly
increased from baseline prior to challenging behaviors (Ferguson et al., 2019; Nuske et al.,
2019). Additionally, electrodermal activity levels decreased after challenging behaviors, for a
subgroup of participants (Ferguson et al., 2019). These results provide a preliminary support to
the role of RRB in regulating autonomic arousal, as they show an increase in sympathetic
activity, followed by RRB, and for some, after engaging with RRB, sympathetic activity was
decreased. A study by Reynolds et al. (2012) examined the relationships between sympathetic
activity, sensory reactivity, and sleep (as a behavioral outcome) in autistic and non-autistic
children and found that heightened sympathetic activity and greater difficulties in sensory
processing were predictive of poorer sleep quality, suggesting an influence of the sympathetic
nervous system and sensory reactivity on adaptive behaviors. Overall, findings from these
studies suggest that dysregulated sympathetic activity is associated with difficulties across many
areas.
Studies have also examined behaviors associated with autism in relation to
parasympathetic activity, and showed that reduced parasympathetic control, indicated by lower
respiratory sinus arrhythmia, has been associated with increased RRB (Condy et al., 2017; Thapa
et al., 2021). Further, reduced parasympathetic activity, indicated by a weaker PLR constriction
response, was associated with increased sensory reactivity (Daluwatte et al., 2015). More
specifically, lower baseline respiratory sinus arrhythmia was found to be related to more
Insistence of Sameness behaviors (Condy et al., 2017), and increased sensory seeking (Lory et
al., 2020). This study by Condy et al. (2017) and the work of Prince et al. (2017) show that both
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parasympathetic and sympathetic activity are related to RRB in autistic children, as has been
found with other work focused on social-communication skills (e.g., Joseph et al., 2008; Van
Hecke et al., 2009). Findings from a study that thoroughly examined the relationships between
each of the autonomic nervous system branches, utilizing cardiac measures and sensory
reactivity in autistic children and their non-autistic peers, has suggested that the parasympathetic
nervous system in autistic children is not properly regulating behavioral responses to sensory
stimuli. The authors suggest that this lack of parasympathetic control might be the mechanism
underlying behavioral inflexibility and rigidity in autism (Schaaf et al., 2015).
Work by Hirstein et al. (2001) attempted to examine the relationship between sensory
reactivity and autonomic activity by examining differences in skin conductance levels, a measure
of sympathetic activity, between autistic individuals and their non-autistic peers. Findings
showed a decrease in skin conductance level as a response to a calming activity (i.e., immersing
the hand in dry beans), which might suggest that simple activities can help with self-regulation.
Results from this work were among the first to suggest a link between sympathetic reactivity
patterns (i.e., heightened sympathetic activity) and sensory reactivity patterns. Work by Woodard
et al. (2012) extended this approach to include measures of the relationship between autonomic
responding and hypo-reactivity patterns in autism. Their study utilized heart rate measures to
examine the relationship between autonomic activity and sensory reactivity patterns (hypo- and
hyper-reactivity) in autistic and non-autistic toddlers. In autistic toddlers, increases in heart rate
as a response to sensory stimuli were related to more atypical sensory reactivity patterns.
Additionally, autistic toddlers showed more hyper-reactivity patterns than hypo-reactivity
patterns, which was supported by both physiological and behavioral measures. Although
Woodard et al. (2012) examined changes in heart rate to daily stimuli in relation to sensory
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reactivity patterns in both autistic children and non-autistic children, because heart rate can be
controlled by both of the autonomic nervous system branches, it is unclear whether their findings
were driven by parasympathetic or sympathetic responding.
Attempts to uncover the physiological mechanisms that underlie RRB, and sensory
reactivity have mostly looked at these characteristics separately, finding autonomic activity to be
related to each, but two known studies have attempted to examine these three areas in autism in a
single set of participants. Both Lory et al. (2020) and Matsushima et al. (2016) examined the
relationship between parasympathetic activity, sensory reactivity, and RRB in autistic children.
Lory et al. (2020) found that respiratory sinus arrhythmia (combined across baseline and a task)
was negatively associated with sensory seeking patterns but not with RRB. Matsushima et al.
(2016) found that baseline respiratory sinus arrhythmia was not associated with overall sensory
reactivity; however, the visual/auditory sensitivity subscale was correlated with resting
respiratory sinus arrhythmia, suggesting hyper-reactivity to visual/auditory stimuli was related to
lower parasympathetic control. Additionally, overall RRB levels were negatively associated with
respiratory sinus arrhythmia, suggesting that more RRB relates to lower respiratory sinus
arrhythmia. Although sympathetic measures were not included in either of the studies, results
from these studies show the benefit of a more comprehensive examination of the relationship
between autonomic activity, RRB, and sensory reactivity, as this work begins to disentangle the
complex relationship among them. More work is needed to further elucidate how RRB, sensory
reactivity and parasympathetic activity interact with each other and influence each other across
development, as well as how sympathetic activity contributes to the relationships between these
factors.
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Conclusion
In summary, RRB are a core feature in autism and refer to a variety of behaviors that help
with self-regulation and are tightly linked to sensory reactivity. With an interest in uncovering
the underlying physiological mechanisms of RRB and sensory reactivity patterns, studies have
examined autonomic activity in relation to each of these primary characteristics of autism.
Sensory reactivity and RRB were found to relate to autonomic activity, with both associated with
lower parasympathetic activity and heightened sympathetic activity. Because it is still unclear
how these two autonomic nervous system branches interact with sensory reactivity and RRB, it
is crucial to include measures of both when characterizing physiological responses in relation to
sensory processing. No known study has systematically explored the associations between
sympathetic and parasympathetic activity, sensory reactivity, and RRB in young autistic
children. The current dissertation includes studies that explored physiological characteristics
using autonomic activity measures and RRB profiles in relation to sensory reactivity patterns in
autistic and non-autistic individuals. Clarifying the mechanisms by which autonomic activity,
sensory reactivity, and RRB relate to one another could have important implications for
developing more tailored, and therefore more effective, interventions. Taking the child’s sensory
reactivity profile into account in therapy settings can reduce the experienced stress, thus reducing
the frequency of RRB, which, when left unchecked, can interfere with learning and have
cascading negative consequences.
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CHAPTER 3
There is a growing interest in understanding the biomarkers of autistic traits in the
broader population, as the underlying mechanisms by which sensory reactivity, RRB, and
adaptive behavior are related are not yet clear. A better understanding of these mechanisms will
contribute to the understanding of people’s experienced stress in therapy or in the classroom and
has the potential to inform intervention approaches.
The current dissertation includes data from two cohorts, one of young adults, and the
other of children. The adult sample will be discussed in detail in Chapter 4 as it has been used in
Chapter 4 only. The current chapter summarizes the study design, including apparatus,
procedure, participants and sampling methods, and data analysis and preparation of the
children’s sample. The primary sample of children in the current study included children
between 2 and 11 years of age with varying degrees of autistic traits. The first two studies of this
dissertation included only non-autistic participants, as past work has already established the
relationship between sensory reactivity and RRB in autistic individuals and in a combined
sample of autistic and non-autistic individuals (e.g., Feldman et al., 2020; Fetta et al., 2021;
Zetler et al., 2022). The goal of these first two studies was therefore to ask questions previously
asked in studies with autistic samples in a broader, non-clinical, sample. The final study included
non-autistic children and a small sample of autistic children, as the questions examined in this
third study have not yet been asked in autistic populations or examined in combined samples.
Thus, this study begins to establish the relationships in a combined sample.
The current chapter begins with a description of the measures used with the child
participants, including definitions of the different constructs and variables as they are frequently
referred to in the literature, and justification for the inclusion of these measures. Second, the
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sample attributes and demographics are described, as well as the sampling method. Finally, the
procedure of data collection will be described step by step. All data collections were led by Sapir
Soker-Elimaliah, the primary researcher. Data collection for the current study began in
September 2019 and was postponed from March 2020 until November 2021 due to a shut-down
because of a global pandemic (COVID-19). Therefore, some of the procedures changed and were
adapted and are described pre- and post-shutdown2. The main differences in data collection preand post-shutdown were moving the questionnaire part to be remote (completed at home) and
children wearing masks during their lab visit.
Participants
The current study included 180 children (87 female, 93 male) between the ages 2.4 and
12.9 years (Mage = 6.49 years, SD = 2.79 years). Of the 180 participants, 14 children were autistic
(community diagnosis, reported by caregivers) and 166 were non-autistic. A subset of 70
children (of the 180 children) participated in person (34 female, 36 males; 5 autistic, 65 nonautistic) and 110 participated only in the remote questionnaire portion (57 female, 53 male; see
Table 3.1 for full demographic information). In-person data collection began in September 2019
and 14 children participated before the shut-down in March 2020 (i.e., pre-shutdown). In-person
data collection resumed in November 2021 (i.e., post-shutdown), paused between December
2021 and January 2022 due to the outbreak of a new and highly contagious COVID-19 variant
(Omicron). An additional 56 children participated during this post-shutdown period, with data
collection concluding in May 2022. Overall, 4 of 70 (5.7%) participants did not contribute any
physiological data. Of the pre-shutdown participants, two participants were excluded, one due to

2

Shutdown due to the COVID-19 pandemic. As of the time this dissertation was written, the pandemic was
not yet over, therefore I did not use pre- and post-COVID.
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intolerance of the sound of the lab ventilation system and the second because they refused to
wear the electrocardiography (ECG) and electrodermal activity electrodes. Two participants
were excluded from the post-shutdown sample, one due refusal to wear the electrodes, and the
second for being too anxious to participate. Elaborated inclusion and exclusion criteria for the
different measures are described in the Data Analysis section in each of the chapters.
Table 3.1
Sample Demographics
Overall Sample
Full Sample
Autistic

Non-Autistic

In-Person Subsample
Full Sample
Autistic

Non-Autistic

180

14

166

70

5

65

Mean (SD)

6.49 (2.79)

6.85 (2.27)

6.46 (2.86)

6.64 (2.67)

7.80 (2.11)

6.55 (2.70)

Range

2.42-12.91

3.08-10.92

2.42-12.91

2.42-12.91

5.17-10.92

2.42-12.91

Female

87

3

84

34

1

33

Male

93

11

82

36

4

32

N
Age (years)

Gender

Of families that self-reported ethnicity information (n = 163), 20.2% identified as
Hispanic or Latino (n = 33), and 79.8% identified as not Hispanic or Latino (n = 130); of
families that self-reported racial information (n = 163), 70.6% identified as Caucasian (n = 115),
10.4% identified as African American (n = 17), 5.5% identified as Asian (n = 9), 13.5%
identified as multi-racial or other (n = 22), and none identified as American Indian, Alaskan
Native or, or as Native Hawaiian or Pacific Islander. Of the families that self-reported their
annual income (n = 153), the majority fell into the top income level (n = 99, 64.7%), with
reported income above $90,000; 18% (n = 28) reported income between $60,000 and $90,000;
10% (n = 15) reported income between $30,000 and $60,000; and 7% (n = 11) reported income
below $30,000.
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For the subsample that participated in the in-person portion of the study, demographic
information was similar to the larger sample. Of those who self-reported ethnicity information (n
= 67), 22.4% identified as Hispanic or Latino (n = 15), and 77.6% identified as not Hispanic or
Latino (n = 52); of families that self-reported racial information (n = 67), 67.2% identified as
Caucasian (n = 45), 13.4% identified as African American (n = 9), 6% identified as Asian (n =
4), 13.5% identified as multi-racial or other (n = 9), and none identified as American Indian,
Alaskan Native or, or as Native Hawaiian or Pacific Islander. Of the in-person families that selfreported their annual income (n = 63), the highest percentage fell into the top income level (n =
31, 49.2%), with reported income above $90,000; 31.7% (n = 20) reported income between
$60,000 and $90,000; 11.2% (n = 7) reported income between $30,000 and $60,000; and 8% (n
= 5) reported income below $30,000.
Sampling Methods
Participants were recruited from a large database of families and from wider outreach.
The remote, at-home, questionnaire component of the study allowed a wider net to be cast for
recruitment, and families were also recruited via emails to listservs, Facebook groups, and
personal connections to local clinicians. Of the families that completed the questionnaires at
home while in-person visits were paused, only those living in the New York City (Brooklyn and
Staten Island), or New Jersey areas were contacted regarding the in-person portion of the study
when data collection resumed.
Procedure
Interested families were scheduled to visit the lab at a time of their convenience. Prior to
their visit, families received an email explaining the procedure and were provided with a copy of
the consent form to review before their arrival. At arrival, caregivers signed a consent form after
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the procedure was explained to them and to their child, and children provided assent (when
possible). After an initial warm-up stage where children played in the lab’s waiting room and got
comfortable with the lead experimenter, ECG electrodes were applied to their chest, as well as
the respiration belt, and then electrodermal activity electrodes were applied to their shoulder.
After building rapport with the lead experimenter, children were directed to the testing
room that was set up in a calming ‘under the sea’ theme with blue ocean lights. The study began
with a 6-minute baseline period measured while the participant viewed a video depicting a calm
children’s book being read aloud (DiPucchio, 2011). Then, a 5-point calibration sequence in
which children were instructed to follow a moving beach ball on the monitor and a 4-point
validation were used at the start to confirm appropriate positioning and successful eye-tracking.
Following calibration, children were presented with the pupil light reflex (PLR) task (based on
Nyström et al., 2015, see below for more information). Pre-shutdown, caregivers filled out
questionnaires during their visit in the lab. However, post-shutdown families received a
questionnaire packet to fill out at home prior to their visit to minimize the time they spent in the
lab out of an abundance of caution (see Figure 3.1 for schematic of procedure). After completion
of the questionnaires, caregivers received a $10 gift card as a thank you for their time. At the end
of the in-person portion of the study, children received a small thank you gift (a sticker or an
activity book of their choice) and caregivers received a gas gift card to offset their travel to the
lab. Overall, lab visits ranged between an hour and an hour and a half.
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Figure 3.1. Flow charts describing the study design for in-person data collections (upper), and the order
of the questionnaire in the packet (lower).

Physiological Measurements
Electrocardiography (ECG), respiration, and electrodermal activity signals were
measured using the Biopac MP150 BioNomadix PPG wireless system. Before the child’s visit,
the ECG electrodes (Biopac EL503) were soaked in Biopac GEL 100, a non-irritating and
hypoallergenic gel used as a conductor with electrodes, and the electrodermal activity electrodes
(Biopac EL507) were soaked in Biopac GEL 101, a specially formulated paste with 0.5% saline
added to a neutral base to create an isotonic paste that meets the requirements for electrodermal
activity data recordings. AcqKnowledge version 4.4 software was used to record ECG,
respiration, and electrodermal activity data, and version 5.0 was used for data preparation for
analysis. Throughout data acquisition, the Q-R-S complex waveform, respiration waveform, and
electrodermal activity values were monitored, and if an unexpected pattern or values arose, the
equipment was adjusted to resume the collection of minimally noisy data.
Electrocardiography (ECG) and Respiration
Three ECG electrodes were placed on the chest in a lead II configuration (two electrodes
on the collarbones and one under the left ribcage; Berntson et al., 2007) to allow for the
measurement of heart rate. A respiration belt was also applied to the child’s chest to measure
respiration rate in order to confirm respiration frequency for calculation of respiratory sinus
arrhythmia (see Figure 3.2 (a), front).
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Electrodermal Activity
Two electrodermal activity electrodes were placed on the child’s left shoulder to allow
for the measurement of skin conductance level with minimal movement artifacts (van Dooren et
al., 2012; see Figure 3.2 (a), back). During data acquisition, a trained experimenter tracked
changes in electrodermal activity values to monitor the validity of the data (e.g., no negative
values).
(a)

(b)

Figure 3.2. (a) An illustration of a child wearing the ECG electrodes, respiration belt, and electrodermal
activity sensors, viewed from the front (left) and the back (right), and (b) image of a child participant in
lab wearing all sensors and recording equipment.

Pupillometry
A SensoMotoric Instruments (SMI) RED eye-tracking system was used to measure gaze
position and pupil size at 120Hz using iView software during the PLR task. Pupil diameter from
both eyes was collected from an average distance of 65 cm from a 22’’ widescreen monitor.
Based on Nyström et al. (2015), each trial consisted of a fixation animation on a black screen
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that initially lasted either 1.6, 2, or 2.4 seconds to avoid anticipatory pupil responses, then the
screen flashed white for 120 ms (while the fixation animation remained on the screen) followed
again by the black screen with the fixation animation for the remainder of the trial, which totaled
6 seconds. In between trials, an inter-trial interval movie of floating shapes was presented for ten
seconds to allow saccades to prevent retinal saturation (see Figure 3.3). Participants were
instructed to look at the screen and to look at the fixation stimulus until it disappeared from the
screen. The experiment progressed only after a clear indication that the child was looking at the
screen and the eye-tracker was tracking their eye gaze. Overall, participants contributed between
1 and 11 useable trials with a mean of 6.68 trials (SD = 2.10). In cases the lead experimenter
counted less than potentially 6 usable trials (i.e., attention allocated to the center of the screen
before, during, and after the flash of light) the task was repeated until at least 6 trials with
sufficient attention were obtained.

Figure 3.3. Schema of the pupil light reflex (PLR) task (adapted from Nyström et al., 2015). A trial
consisted of a 120 ms white screen presented in between two black screens to induce the PLR response.
This was followed by a brief video of moving shapes to avoid retinal saturation.
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Caregiver Questionnaires
Measure of Autistic Traits
The Social Responsiveness Scale, Second Edition (SRS-2; Constantino & Gruber, 2012)
was used to assess each child’s level of autistic traits. The SRS-2 is a standardized 65-item
caregiver report measure that identifies subtle autistic traits such as difficulties with socialcommunication skills and restricted interests and repetitive behaviors across development from
2.5 years of age to adulthood. For participants up to age 3 years, 11 months, the Preschool Form
was used, and for participants aged 4 years and up, the School-Age Form was used. Caregivers
rated their child’s behaviors on a 4-point scale: 1 - Not True; 2- Sometimes True; 3 - Often True;
4 - Almost Always True. The SRS-2 includes 53 items that assess social-communication skills,
such as “Is slow or awkward in turn-taking interactions with peers,” “Avoids starting social
interactions with adults or peers,” and “Is too tense in social settings”, and 12 items that assess
levels of RRB, such as “Has a strange way of playing with toys,” “Has more difficulties than
other children with changes to his or her routine,” and “Has repetitive, odd behaviors such as
hand flapping or rocking.”
In cases of questions left blank by a parent, based on the SRS-2 manual, median scores
were used to replace the missing item. In the current sample, one participant had one item
missing and another participant had 7 items missing (out of the 65 total), so the SRS-2 median
scores table was used to replace these items. Overall, the SRS-2 was completed for 175 children
(14 autistic and 161 non-autistic). Five participants were excluded because their caregivers did
not complete any portion of the SRS-2 (i.e., 100% missing data). A total score, as well as Social
Communication and Interaction (SCI) composite and Restricted Interests and Repetitive
Behavior (RRB) subscale scores, were calculated and then transformed into their standardized t32

scores. A higher SRS-2 total t-score is associated with more autistic traits, and a t-score greater
than 59 is typically indicative of clinical concerns related to autism.
Measure of RRB
The Repetitive Behavior Scale-Revised (RBS-R; Bodfish et al., 1999; Bodfish et al.,
2000), was used to assess levels of different types of RRB. The RBS-R is a 43-item caregiver
report questionnaire for children between the ages of 2 and 18 years (e.g., Hooker et al., 2019;
Lam et al., 2008; Sturm et al., 2022). Caregivers rate their child’s behaviors on a 4-point scale: 3
- Behavior occurs and is a severe problem; 2 - Behavior occurs and is a moderate problem; 1Behavior occurs and is a mild problem; 0 - Behavior does not occur. In the current sample, the
RBS-R was completed for 179 children. Recent work by Bishop et al. (2013) showed that RBSR total score was not reliably capturing RRB in children, and factor analysis showed that five
subscales were a better fit. Therefore, five subscales scores (i.e., Sensory-motor behaviors,
Restricted Interests, Self-Injurious behaviors, Compulsive behaviors, and Ritualistic/Sameness
behaviors) were calculated for the current sample based on Bishop et al. (2013), and no total
score was included. Sensory-motor behaviors refer to repetitive motor movements and/or sensory
exploration and use of objects (Lam et al., 2008). This subscale includes items such as
“Hand/Finger (flaps hands, wiggles or flicks fingers, claps hands, waves or shakes hand or arm)”
and “Sensory (covers eyes, looks closely or gazes at hands or objects, covers ears, smells or
sniffs items, rubs surfaces).” Restricted interests refer to behaviors related to intense focus on
specific topics (also known as circumscribed interests). This subscale includes items such as
“Fascination, preoccupation with one subject or activity (e.g., trains, computers, weather,
dinosaurs).” Self-injury behaviors refer to behaviors that have a self-harm component. This
subscale includes items such as “Hits self with body part (hits or slaps head, face, or other body
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areas).” Compulsive behaviors refer to inflexible repetition of certain behaviors with insistence
to complete these behaviors in a particular way. This subscale includes items such as
“Washing/Cleaning (excessively cleans certain body parts; picks at lint or loose threads)” and
“Repeating (needing to repeat routine events; in/outdoor, up/down from chair, clothing on/off).”
Finally, Ritualistic/Sameness behaviors refer to behaviors associated with adherence to a routine,
difficulties with changes in it, and behaviors that indicate a preference to do or say the same
things in a specific manner. This subscale includes items such as “Eating/Mealtime (strongly
prefers/insists on eating/drinking only certain things; eats or drinks items in a set order; insists
that meal-related items are arranged in a certain way)” and “Insists that things remain in the same
place(s) (e.g., toys, supplies, furniture, pictures, etc.).” Higher scores indicate increased levels of
RRB.
Measure of Sensory Responsiveness
The Sensory Experiences Questionnaire (SEQ; Baranek et al., 2006) was used to assess
sensory reactivity. The SEQ is a 43-item caregiver report questionnaire that measures responses
to sensory input on social and non-social situations that are encountered in common daily
activities. Caregivers rate their child’s behaviors on a 6-point scale: 5 - Almost Always; 4 Frequently; 3 - Sometimes; 2 - Once in a While; 1 - Almost Never. The SEQ was designed for
children between the ages of 6.0 months and 6.9 years but was used in older samples in past
work (e.g., Feldman et al., 2020). In the current sample, the SEQ was completed for 177 children
(14 autistic and 163 non-autistic). Hypo-reactivity, hyper-reactivity, and sensory-seeking patterns
can be assessed via items such as “Does your child ignore you when you call his/her name?”
“Does your child react sensitively or startle easily to unexpected or loud sounds? (For example:
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covers ears when hearing a vacuum, baby cry, door close, etc.),” and “Does your child put
objects, toys, or other non-food items in his/her mouth to lick, suck, or explore?”
A total score, three sensory reactivity patterns scores (i.e., hypo-reactivity, hyperreactivity, and sensory seeking), as well as five sensory modality scores (i.e., auditory, tactile,
visual, vestibular/proprioceptive, and gustatory/olfactory) were calculated. Control items, which
are four questions that are incorporated in the SEQ to elicit positive or neutral response from the
caregiver, were excluded from the score calculation (as instructed in the SEQ scoring manual). A
higher total score indicates overall greater sensory reactivity, and higher scores on one or more
of the sensory reactivity patterns indicate that this sensory reactivity pattern is elevated. Different
combinations of elevated or decreased scores on the different sensory reactivity patterns are
possible (and expected), as sensory reactivity patterns can co-exist (e.g., Baranek et al., 2006;
Ben-Sasson et al., 2009). Further, higher scores on each of the sensory modalities indicate
greater sensory reactivity for stimuli in this modality. For example, a higher score on auditory
indicates that auditory input leads to more sensory reactivity responses, which could be related to
hypo-reactivity, hyper-reactivity, or seeking patterns of behaviors.
Measure of Adaptive Behavior
The Vineland Adaptive Behavior Scales - Third Edition (VABS-3; Sparrow et al., 2016)
was used to assess adaptive behaviors in the areas of Communication, Socialization, and Daily
Living Skills across development from 3 years of age to adulthood. Caregivers filled out the
Domain-Level Parent/Caregiver Form and rated their child’s behaviors and/or abilities on a 3point scale: 2 - Usually or often; 1 - Sometimes; 0 - Never. The VABS-3 domain level parent
report form has 190 items over five subscales – Communication, Socialization, Daily Living
Skills, Physical Activity, and Problem Behaviors. However, because Communication,
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Socialization, and Daily Living Skills domains are most commonly used in studies with autistic
samples (e.g., Feldman et al., 2020; Neuhaus et al., 2014; Williams et al., 2018), and because the
physical activity domain is limited in age (up to age 9 years), the Physical Activity and Problem
Behaviors domains were not included in the current dissertation, resulting in 120 items across the
three included domains .
The VABS-3 was added to the study design later based on feedback received from an
NIH NRSA F31 submission, and that was after some caregivers had already completed the
questionnaire portion. Therefore, in the current sample, the VABS-3 was completed for 120
children who were older than 3 years of age. Using Pearson’s Q-Global scoring system, domain
scores for Communication, Socialization, and Daily Living Skills were calculated, and an
adaptive behavior composite (ABC) score was also calculated from these three domain scores.
The Communication domain assesses the ability to attend, understand, and respond
appropriately to information using words and sentences, and includes items such as “Answers
questions that use when” and “Makes at least three more advanced gestures such as come here,
putting a finger over lips to mean be quiet, holding hands apart to show this big, shrugging
shoulders to mean I don't know”.
The Daily Living Skills domain assesses abilities in the areas of independent eating,
grooming, cleaning after self, and functioning outside home (or familiar environment) and in
school and includes items such as “Uses the toilet during the day. May need help but must know
when he/she needs to go” and “Is careful around things that could burn him/her.”
The Social Skills and Relationship (Socialization) domain assesses the ability to respond
to others appropriately with behavioral and emotional control and to engage in age-appropriate
activities with others and includes items such as “Realizes when others are happy, sad, surprised,
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upset, etc.” and “Would rather play with other children than watch them or play alone.” A higher
ABC score indicates more adaptive behaviors overall, and higher scores on the different domains
indicate better skills within those areas.
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CHAPTER 4
Introduction
The first study in this dissertation examined the relationship between autistic traits and
autonomic activity in non-autistic children and adults. This study examined part of the working
model of this dissertation (see Figure 2.1), in particular examining the relationship between
parasympathetic activity, as measured through the pupil light reflex response, and self-regulatory
behaviors, such as RRB.
There are many ways to measure autonomic activity, however, it is difficult to isolate the
unique contribution of each of the branches. One way to measure autonomic activity is through
pupillometry, which is the changes in pupil diameter at baseline or as a response to a stimulus
(Beatty & Lucero-Wagoner, 2000). The pupil regulates the amount of light that enters the eye,
and pupil constriction or dilation are linked to the amount of light entering the eye. Therefore,
the primary factor that influences pupil diameter is changes in illumination. Pupil responses can
reflect the interaction and balance between the sympathetic and parasympathetic branches
working together to regulate pupil size at any given time (Goldwater, 1972). For example, an
increase in pupil diameter, or pupil dilation, can be a result of either an increase in sympathetic
activity, or a decrease in parasympathetic activity (Steinhauer et al., 2004). Therefore, measures
of pupillary responses indicate general autonomic activity.
The size of the pupil is determined by the sphincter muscles, which constrict the pupil
and are predominantly controlled by the parasympathetic, and the dilator muscles, which dilate
the pupil and are predominantly controlled by the sympathetic nervous system (Andreassi, 2006;
Beatty & Lucero-Wagoner, 2000). The pupil light reflex (PLR), which refers to the changes in
pupil diameter as a response to a quick flash of light, was found to be a reliable marker of
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autonomic nervous system function (Beatty & Lucero-Wagoner, 2000). Studies that have utilized
PLR measures used a primary procedure of a rapid presentation of white screen in between two
black screens, which creates a significant change in illumination that imitates a quick flash of
light (e.g., Nyström et al., 2015). PLR responses have been described in terms of three phases,
with the initial phase of rapid constriction in response to light controlled primarily by
parasympathetic activity, the second phase characterized by a rapid dilation, and controlled by
both parasympathetic and sympathetic systems, and the third phase characterized by a slower
dilation than in the second phase and primarily controlled by the sympathetic nervous system
(Wang et al., 2016). Reduced parasympathetic responding was found to correspond to a less
robust PLR (i.e., smaller constriction amplitude and longer latency to constrict) in this first phase
(Bremner, 2001; Levy et al., 1992; Wang et al., 2016).
Two parameters were found to most reliably measure parasympathetic activity (Wang et
al., 2016): the first is the latency to maximum negative acceleration, which refers to the latency
to reach the point where constriction negative acceleration is at its maximum and indicates the
latency to respond to light, and the second is the relative constriction amplitude, which refers to
the ratio between the constriction amplitude and baseline diameter and indicates the strength of
the response to light (Bergamin & Kardon, 2003; Fan et al., 2009; Nyström et al., 2015, 2018;
Wang et al., 2016). Studies have found that PLR measures (e.g., change in pupil diameter from
baseline, relative constriction amplitude) are correlated with parasympathetic cardiac measures
(e.g., root mean square of successive differences between normal heartbeats, R-R interval
variability).
Consistent with past findings that indicate lower parasympathetic control in autistic
individuals (e.g., Bal et al., 2010), the PLR is slower and less pronounced in autistic children
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(e.g., Fan et al., 2009), suggesting that the initial phase of the PLR can be utilized to assess
parasympathetic activity. Various aspects of pupillometry have been studied in autistic
individuals, and with regard to baseline pupil size and task-evoked pupil responses, results have
been mixed. For example, while some studies report differences between autistics and nonautistics in both baseline pupil diameter (e.g., (Anderson & Colombo, 2009; Martineau et al.,
2011) and task-related pupil responses (e.g., Blaseret al., 2014; Falck-Ytter, 2008), other studies
have found no differences (e.g. de Vries et al., 2021; Laeng et al., 2018; Nuske et al., 2014,
2015). Perhaps, the mixed results stem from the inability to disentangle the interacting effects of
the sympathetic and parasympathetic branches during these tasks.
On the other hand, the initial phase of PLR has been consistently found to differ between autistic
and non-autistic individuals across numerous studies (e.g., Daluwatte et al., 2013, 2015; Fan et
al., 2009), suggesting reduced parasympathetic activity in autism. PLR response was also found
to correlate with atypical sensory behaviors in autistic children (Daluwatte et al., 2015).
Moreover, Nyström and colleagues (2018) studied a group of infants at increased likelihood for
autism (by virtue of an older autistic sibling) and found that atypical PLR by 10 months was
predictive of later autism diagnosis. Further, DiCriscio and Troiani (2017) found that smaller
changes in pupil size during pupil adaptation to light was associated with more autistic traits,
most notably social-communicative impairments, in a combined sample of autistic and nonautistic children.
More recently, studies have examined the relationships between task-induced pupil
diameter and autistic traits in non-autistic adults (DiCriscio et al., 2019; Turi et al., 2018) and
found that adults with more autistic traits showed differential patterns of pupil response during
visual perception tasks, such as increased dilation of the pupil (DiCriscio et al., 2019). Together,
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these studies show that autonomic markers in adults can also reflect individual differences that
might relate to the broader autism phenotype. However, the effect of each of the autonomic
nervous system branches (i.e., parasympathetic and sympathetic nervous systems) on the taskinduced pupillary changes cannot be determined. Studies that focused on task-induced pupillary
changes were mostly focused on visual differences rather than uncovering the underlying
physiological mechanisms. Hence, questions about the underlying parasympathetic mechanisms
and autistic traits have not been studied in a non-clinical sample of children and adults.
The objective of the present study is to expand on past work regarding the broader autism
phenotype and investigate the relationship between parasympathetic activity, using PLR
measures, and autistic traits in a non-clinical sample of children and adults. Additionally, the
current study aims to examine whether there are differences in PLR response patterns between
children and adults. Based on work with autistic individuals (e.g., Fan et al., 2009), it is
hypothesized that increased autistic traits will be associated with reduced parasympathetic
activity reflecting by a weaker and slower PLR response. Additionally, based on work by
Daluwatte et al. (2012), that found weaker PLR responses in children younger than age 8 years,
it is anticipated that children will show weaker PLR responses than adults.
Method
Participants
The child sample consisted of 65 non-autistic children who participated in the in-person
portion of the study (Mage = 6.20 years, SD = 2.68; Range: 2 to 12 years; 33 males, 32 female)
and completed the PLR task as part of a larger study examining the relationships between
autonomic activity, sensory reactivity, and RRB. This sample is a subsample of the 166 nonautistic children who participated in the current broader study (see Chapter 3 for more
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information about the larger sample).
The adult sample consisted of 77 college students who participated in the current PLR
task as part of a battery of eye-tracking and physiological measures (Mage = 20.34, SD = 4.67;
Range: 18 to 46 years; 44 male, 32 female, 1 transmale). Participants were college students in an
introductory psychology course who received course credit after completing the study.
Procedure
For more information about the task, stimuli, timing, and number of trials presented, see
Chapter 3 and Figure 3.3. A SensoMotoric Instruments (SMI) RED monitor was used throughout
the PLR task to measure gaze position and pupil size. The current PLR task was adapted from
Nyström et al. (2015)
Assessment of Autistic Traits
Autistic traits were assessed using the SRS-2 (Constantino & Gruber, 2012). Adults
completed the self-report Adult Form, and caregivers completed the Preschool Form (up to 4
years) or School-Age Form (4 years and older) about their child. T-scores were calculated for
SRS-2 Total score, as well as for the Social Communication and Interaction (SCI) composite and
RRB subscale. Analyses focused on SRS-2 Total scores, as well as the SCI and RRB scores to
examine traits associated with the two main diagnostic criteria of autism in the DSM-5
(American Psychiatric Association, 2013).
Data Analysis
Pupillometry
PLR analyses focused on participants with four or more artifact-free trials (Mtrials = 7.08,
SD = 1.73, range: 4-11). The final sample included 59 children (Mage = 6.36 years, SD = 2.72
years, age range: 2-12 years) and 69 adults (Mage = 20.34 years, SD = 4.59 years, age range: 1842

46 years). Six children were excluded from the PLR analyses because they were either
inattentive (n = 1), blinked or moved excessively (n = 3), consistently looked away after the flash
of light (n = 1), or because calibration failed (n = 1). Eight adults were excluded from PLR
analyses due to issues with calibration (n = 2) or track on the eye-tracker was jumpy (n = 6).
Custom Python scripts were used to process the PLR dilation time series to identify the
latency to PLR onset (peak negative acceleration) and relative constriction for each trial. For
each eye, trials were excluded if data for pupil size was missing at the moment the flash occurred
or if more than 100 ms of cumulative pupil data was missing on a given trial within the 1500 ms
post-flash period (e.g., due to blinks). After these initial exclusions, pupil diameter for each eye
was processed using a degree-2 Savitzky-Golay filter with a window of 11 samples to yield
smoothed diameter and acceleration series, which were then further smoothed using a Gaussian
convolution with a standard deviation of 5 samples. A final analysis step excluded trials for each
eye if the point of greatest negative velocity did not occur within 750 ms after flash onset and/or
the point of greatest negative acceleration did not occur within 500 ms after flash onset,
indicating that the data did not represent a PLR curve. Based on past findings with infants,
children, and adults, pupil analyses focused on four variables: 1) baseline pupil diameter (A0;
e.g., Anderson & Colombo, 2009), 2) relative constriction amplitude, calculated from A0 and Am
(minimum diameter) as (A02 - Am2)/A02 (e.g., Fan et al., 2009), 3) absolute constriction
amplitude, A0-Am (e.g., Dicriscio & Troiani, 2017); and 4) constriction latency, calculated as
median latency to reach maximum negative acceleration (median latency; e.g., Nyström et al.,
2015). When clean data was available for both eyes on a given trial, PLR variables were
averaged across both eyes, and then PLR metrics were averaged across usable trials.
Measure of Autistic Traits
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Caregiver’s ratings of the SRS-2 were first rescaled, and a point was subtracted from
their rating. Then, scores were reversed for specified items (items 3, 7, 11, 12, 15, 17, 21, 22, 26,
32, 38, 40, 43, 45, 48, 52, and 55). These raw scores then were entered into a template that
automatically calculated total scores, as well as the Social Communication and Interaction (SCI)
composite and RRB subscale scores. After summing these scores, using VLOOKUP function,
the template automatically transformed the raw scores to t-scores, based on the form and
participant’s sex (i.e., Preschool, School-Age female, School-Age male). Of the included
participants, 10 adults scored above the SRS-2 total score cutoff; however, all 10 responded “no”
when asked if they had received a diagnosis of autism or a related condition on a family history
questionnaire at the end of the study.
Statistical Analysis
A series of independent samples t-tests were run to examine developmental differences in
the PLR between children and adults. A series of correlations were run to examine associations
between PLR measures and autistic traits, based on the SRS-2. Because age was found to be a
significant factor in pupillary responses (e.g., Daluwatte et al., 2012), a series of correlations
were run to examine the relationship between age and PLR measures. Results show that in
children, age was positively associated with baseline pupil diameter (r(57) = .29, p = .026),
suggesting that older children have greater pupil diameter at baseline. In adults, age was
negatively associated with baseline pupil diameter (r(67) = -.31 , p = .009) and with absolute
constriction amplitude (r(67) = -.33 , p = .005), suggesting that for older adult participants, the
pupil diameter is smaller at baseline, and they show smaller change in pupil diameter from
baseline as a response to light. After visualization of these correlations, it was apparent that there
are three outliers in the adult sample that drive these associations. Therefore, these three
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participants (age 37, 40, and 46 years) were excluded from the analysis. After the exclusion of
these three participants, no associations were found between age and PLR measures in the adult
sample (ps > .22). Analyses were run with and without these three adult participants, and
reported results are excluding these three age outliers unless there were differences and then
results from both analyses are reported. Because age was associated with PLR measures in
children and due to the wide age range in the current sample, age was controlled in all analyses.
To examine the relationship between PLR measures and autistic traits, first bivariate correlations
were run, followed by partial correlations, partialling out age.
Results
Correlations Between PLR Measures
In both children and adult samples, several PLR variables were significantly correlated
with each other. In the children sample, absolute constriction amplitude was significantly and
positively associated with baseline pupil diameter and with relative constriction amplitude (ps <
.001). In the adult sample, absolute constriction amplitude was significantly and positively
associated with baseline pupil diameter and with relative constriction amplitude, and negatively
associated with constriction latency (ps < .003).
Group Comparisons
Adults were found to have smaller baseline pupil diameter (M = 5.24, SD = .76, range:
3.33-7.01) than children (M = 6.08, SD = .82, range: 3.68-7.77; t(123) = 5.89, p < .001 , Cohen’s
d = 1.10). Additionally, adults have greater relative constriction amplitude (M = .56, SD = .05,
range: .45-.69) than children (M = .50, SD = .07, range: .35-.70; t(123) = 5.48, p < .001 , Cohen’s
d = .95; see Figure 4.1), but no differences were found for median latency or absolute
constriction amplitude (ps > .35).
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(a)

(b)

Figure 4.1. Differences in PLR measures between children and adults. (a) A significant difference in
baseline pupil diameter was found, with smaller baseline pupil diameter in adults compared with children
(p < .001). (b) A significant difference in relative constriction amplitude was found, with greater relative
constriction amplitude in adults than in children (p < .001).
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Correlation Analyses
Relations Between Autistic Traits and PLR Measures in Children
Correlations between SRS-2 Total, SCI, and RRB scores and PLR measures were not
significant for the child sample (ps > .12). However, after controlling for age, RRB was
negatively associated with baseline pupil diameter (r(54) = -.27, p = .042). Additionally, trends
were found suggesting greater absolute constriction amplitude was marginally related to lower
levels of autistic traits and SCI in children (rs > -.26, ps < .07).
Relations Between Autistic Traits and PLR Measures in Adults
For the adult sample, a significant negative correlation was found between SRS-2 Total
and relative constriction amplitude (r(64) = -.28, p = .024), suggesting that increased levels of
autistic traits are associated with smaller relative pupil constriction response, indicating weaker
PLR response. No other PLR measures were significantly associated with overall autistic traits
(ps > .09). However, when age outlier participants were included, SRS-2 Total, and PLR
measures were not significantly correlated (ps > .12).
When examining correlations between SRS-2 SCI and RRB scores and PLR measures,
RRB was found to be negatively associated with relative constriction amplitude (r(64) = -.36, p =
.003) and positively associated with median latency (r(64) = .32, p = .008; See Figure 4.2),
suggesting that increased levels of RRB are associated with smaller relative pupil constriction
response and longer latency to respond to light, indicating weaker and slower PLR response.
These results remained after age outlier participants were included (ps <. 033).
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Figure 4.2. Correlations between PLR metrics and SRS-2 RRB score in adults. (a) A significant negative
correlation was found between relative constriction amplitude and RRB (p = .032), with stronger PLR
response associated with lower RRB scores. (b) A significant positive correlation was found between
median latency and RRB (p = .016), with faster time to the point of maximum negative acceleration (i.e.,
shorter PLR response) associated with lower RRB scores.

Discussion
The current study had two main aims, first, to examine the differences in PLR responses
between children and adults, and second, to examine PLR responses in children and adults in
relation to levels of autistic traits. The PLR task was adapted from recent work investigating PLR
responses in infants at increased and low likelihood for autism (Nyström et al., 2015, 2018).
Main findings show that children have larger pupil diameter at baseline and weaker PLR
response compared with adults. Additionally, children who showed increased levels of RRB also
showed smaller pupil diameter at baseline. Further, adults who endorsed more autistic traits
showed a less robust PLR responses (i.e., slower and weaker constriction), and this was most
pronounced for RRB.
In the present study, when examining overall developmental differences between children
and adults, children showed increased pupil diameter at baseline overall. Additionally, age and
baseline pupil diameter were associated in children and in adults, when older adults were
included in the analysis. Findings suggest that pupil diameter increased with age in children (up
to age 12, the oldest child participants), but decreased with age in adults. However, when the
older adults, whose ages were more than three SDs above the mean, were excluded, age and
baseline pupil diameter were no longer significantly associated in adults. Taken together,
perhaps, after puberty, the trajectory for baseline pupil diameter changes such that it increases
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until adolescence, then stabilizes, and then decreases.
Further, compared with young adults, children also showed smaller relative constriction
of the pupil in response to light, and this weaker PLR response in children also suggests weaker
parasympathetic control. In a study that examined developmental trajectories of PLR responses
in children and adolescents between 6 and 17 years of age, relative pupil constriction was found
to increase (i.e., PLR get stronger) between the ages of 6 and 8 years, and then stabilizes from
age 8 to 17 years (Daluwatte et al., 2012). Although children and adults differ on relative
constriction levels, within each age group in the current study, relative constriction was not
associated with age. The specific developmental trajectory of PLR responses from infancy to
adulthood in non-clinical populations is not yet clear, especially when examining it continuously.
Future work should aim to examine parasympathetic activity trajectories from infancy across
development with the emphasis on changes in pupillary responding in the different
developmental phases and further explore these trends across a wide age range.
In relation to autistic traits, the current study shows that after controlling for age, children
who have increased levels of RRB showed smaller pupil diameter at baseline, which is
controlled by both sympathetic and parasympathetic activity. However, in children RRB were
not associated with PLR measures that are specific to parasympathetic activity. A possible
explanation is that children were more aroused, which was indicated by larger baseline pupil
diameter than adults, which might mean that their parasympathetic activation was less
pronounced, therefore, the lack of relationship with self-regulatory behaviors. Further, in the
current sample only overall RRB levels were examined, and it is possible that some RRB
subtypes are associated with different autonomic responding patterns. This is partially supported
by the association that was found with baseline pupil diameter, where smaller pupil diameter at
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baseline was associated with more RRB. Perhaps smaller pupil diameter indicate under-arousal
which need to be regulated with some RRB. However, further research is needed to clarify what
baseline pupil diameter means in terms of arousal in children, and how it might relate to autistic
traits.
Additionally, in line with findings from DiCriscio and Troiani (Dicriscio & Troiani,
2017; DiCriscio & Troiani, 2021), who found that changes in pupil size as a response to
adaptation to light were associated with individual differences in autistic traits in children,
especially with differences in the SCI score of the SRS-2 (DiCriscio & Troiani, 2021), trends
were found whereby higher levels of autistic traits overall and the SCI composite marginally
correlated with a smaller absolute amplitude change during the PLR. In work with infants, PLR
metrics are also found to predict autistic traits at three years old, again with results focused on
social metrics and not RRB (Nyström et al., 2018); more work is needed to understand why PLR
metrics might be more predictive of RRB in adults and social-communication measures in
children.
Further, in adults, overall increased levels of autistic traits in were associated with
smaller relative constriction (i.e., weaker PLR response), which indicates weaker
parasympathetic control. When examining the different autistic traits in relation to PLR
responses, again in adults, increased levels of RRB were associated with smaller relative
constriction (i.e., weaker PLR response) and longer latency to reach minimum negative
acceleration point (i.e., slower PLR responses), both established markers parasympathetic
control. These findings suggest that among a non-clinical sample of adults, those with better
parasympathetic control show fewer RRB. Related research in autistic and non-autistic children
has found that parasympathetic control, as measured by respiratory sinus arrhythmia, was
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inversely related to RRB across both groups (Condy et al., 2017). Taken together, these studies
point to a role for parasympathetic markers in predicting adaptive functioning in the domain of
RRB.
The current study found that in adults, but not in children, increased levels of RRB were
associated with slower and weaker PLR, indicating reduced parasympathetic control. Research
has posited that increased RRB are associated with difficulties in sensory processing in adults
(Hwang et al., 2020; Moore et al., 2021) and children (Boyd et al., 2010; Chen et al., 2009;
Gabriels et al., 2008; Schulz & Stevenson, 2019), and that smaller PLR constriction was related
to more atypical sensory features in autistic children (Daluwatte et al., 2015). Increased
sensitivity to sensory input, such as light, can lead to experienced overstimulation that might
cause distress that needs to be regulated with the first available self-regulation method, such as
RRB (e.g., Baker et al., 2008; Militerni et al., 2002). Because the PLR is a neurological measure
of sensitivity to light (Beatty & Lucero-Wagoner, 2000), increased RRB in relation to the PLR
responses might imply elevated sensitivity to sensory stimuli in the environment. Results from
the current study can provide support for the link between sensory sensitivity and RRB, as
weaker PLR responses might indicate that the pupil diameter is not effectively and optimally
regulated to the amount of light that enters the eye, which can lead to more intense experiences
with visual stimuli in the environment. With the PLR reflecting a key neural pathway in visual
sensory processing, and with variation in sensory processing in autistic and non-autistic
individuals relating to behavioral challenges, it is plausible to assume that the relationship
between sensory processing and some behaviors could be driven by this physiological
mechanism.
The current study had several limitations. First, participants contributed varying number
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of useable trials, and presenting more trials to all participants would have helped to guarantee
sufficient useable trials for more participants, as participants with less than 4 usable trials were
excluded (6 children, 8 adults). Because the PLR was part of a larger physiological assessment
and questionnaire battery, there was limited time for each task, but future work should aim to
increase the number of PLR trials presented in order to obtain more usable data allowing
inclusion of a higher proportion of participants. A second limitation of the current study is that
the sample of non-autistic participants scoring above cutoff on the SRS-2 was too small to
explore correlations separated by group (i.e., above vs. below SRS-2 cutoff score). Scoring
above the SRS-2 cutoff score indicate more traits that are associated with autism diagnosis. With
some work showing significant relations between autonomic responses and adaptive functioning
in autism but not in non-autistic controls (e.g., Van Hecke et al., 2009), further work with large
samples should explore correlations between PLR and autistic traits in a non-clinical sample with
respect to these cutoff scores (for a related approach, see Soker-Elimaliah et al., 2020). Using the
cutoff score to differentiate high and low levels of autistic traits would help clarify whether
differential relations can be seen depending on the level of autistic traits in a non-clinical sample
as well. One final limitation is that only 46 of the 51 included participants completed a family
history questionnaire and responded to the question of whether they have been diagnosed with
autism or a related condition (all responded “no”). For the five participants who did not complete
this questionnaire, all scored below the SRS-2 cutoff for concerns, so they were also assumed not
to have autism, but this remains a limitation, as their caregiver-reported diagnostic status was not
recorded.
Extending previous work that has found a less robust PLR response in autistic children
(e.g., Fan et al., 2009) and a negative association between light responses and autistic traits in a
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broad population of children (DiCriscio & Troiani, 2017), the current study found that young
adults with weaker and slower PLR reported higher levels of autistic traits, and RRB in
particular. Altogether, this points to the PLR as a marker associated with the broader autism
phenotype, as opposed to an autism diagnosis. This well-studied marker of autonomic
functioning could therefore provide an important window into the study of individual differences
in adaptive behavior for autistic and non-autistic individuals.
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CHAPTER 5
Introduction
The second study of this dissertation examined another aspect of the working model (see
Figure 2.1) and aimed to establish the relationship between sensory reactivity and RRB in nonautistic children, while examining how the three sensory reactivity patterns relate to the different
RRB subtypes. The relationship between sensory reactivity and RRB was established in past
studies in autistic children or in a combined sample of autistic and non-autistic children.
However, sensory reactivity and autistic traits vary in the general population, according to the
broader autism phenotype approach, therefore it is beneficial to also address this relationship in a
population of non-autistic children. It is important to understand the relationship between the
way individuals respond to sensory stimuli and their associated behaviors before examining the
potential physiological underlying mechanism. Therefore, this chapter describes a study that
focused on sensory processing and responding difficulties in relation to potential self-regulatory
behaviors, such as RRB.
One of the most important roles of the brain, among many, is to make sense of the world
outside, and this requires integration of information coming in from many sources, while at the
same time inhibiting other information that is less relevant. Humans are constantly bombarded
with a myriad of sensory input – sights, sounds, smells, tastes, touch, and balance – and the
brain’s role is to integrate this multi-sensory information into a coherent perceptual concept that
one can use to make behavioral decisions (e.g., Bauer et al., 2015; for a review see Murray et al.,
2016). Sensory processing involves the perception and registration of relevant stimuli from the
environment and segregation of irrelevant input, then integration of the sensory inputs from the
multiple sensory modalities (i.e., multi-sensory integration), and, finally, interpretation of the
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relevant information into adaptive behaviors (e.g., Kandel, 2000). Multi-sensory integration is
considered to be the building block of cognitive development and has a crucial role in the
acquisition of many cognitive skills, including language and social-communication ability (for a
review see Baum et al., 2015). Sensory processing difficulties that lead to atypical responses to
sensory stimuli were referred to as sensory reactivity in the literature (e.g., Baranek, 2002; BenSasson et al., 2009; Schaaf et al., 2015).
Studies have examined the relationship between sensory reactivity patterns and autistic
traits and found that increased sensory reactivity levels were associated with elevated levels of
autistic traits (Adamson et al., 2006; Brandwein et al., 2015; Robertson & Simmons, 2013),
including social-communication skills (Nowell et al., 2020) and RRB (Boyd et al., 2010;
Gabriels et al., 2008; Leekam et al., 2008). Additionally, all three sensory reactivity patterns
(hypo-reactivity, hypo-reactivity, and sensory seeking) were associated with socialcommunication skills (Baranek et al., 2018; Damiano-Goodwin et al., 2018; Dakopolos &
Johavani, 2019; Feldman et al., 2020; Foss-Feig et al., 2012; Grzadzinski et al., 2020; Hilton et
al., 2007; Liss et al., 2006; Watson et al., 2011) and RRB (Black et al., 2017; Boyd et al., 2010;
Chen et al., 2009; Feldman et al., 2020; Foss-Feig et al., 2012; Grzadzinski et al., 2020; Schulz
& Stevenson, 2019; Zetler et al., 2022). Interestingly, some studies have found that hyporeactivity and hyper-reactivity predict different autistic traits, with social-communication
difficulties predicted from elevated levels of hypo-reactivity both concurrently (Feldman et al.,
2020) and early in life (Chen et al., 2022; Nowell et al., 2020), while RRB can be predicted from
hyper-reactivity both concurrently (Schulz & Stevenson, 2019; Zetler et al., 2022) and early in
development (Chen et al., 2022; Grzadzinski et al., 2020)
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Recently, studies have examined whether results from clinical samples still hold when
examining the broader population in order to better understand these behaviors, independent of
the diagnosis of autism. The current study applied questions previously asked about clinical
populations to the general population. The current study has three aims: 1) To examine the
relationships between overall sensory reactivity, autistic traits, and adaptive behaviors in a group
of non-autistic children, 2) To examine whether the different sensory patterns (hypo-reactivity,
hyper-reactivity, and sensory seeking) predict autistic traits, including social-communication
skills and RRB, as well as RRB subtypes, and adaptive behaviors, including communication,
socialization, and daily living skills, and 3) To explore how children with different patterns of
sensory reactivity might differ on autistic traits and adaptive behaviors.
Method
Participants
The final sample consisted of 166 non-autistic children (84 female, 82 male), with a mean
age of 6.46 years (SD = 2.83 years; Range: 2.42-12.92). This sample was taken from the larger
sample of 180 children who participated in the questionnaire portion of the study, excluding the
autistic children (see Chapter 3 for more information about the larger sample). In a screening
questionnaire, caregivers were asked about diagnosis of autism for the child, and only nonautistic children were included (i.e., caregiver answered ‘no’ when asked if their child was
diagnosed with autism). Another inclusion criterion for the study was chronological age between
2 and 12 years.
Measures of Autistic Traits, Sensory Reactivity, and Adaptive Behaviors
Caregivers filled out questionnaires about their child’s autistic traits, sensory processing
patterns, RRB, and adaptive behaviors (see Chapter 3 for more information). Cronbach’s alphas
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were calculated for all questionnaires (and for all subscales for each questionnaire), and alphas
are summarized in Table 3.2 below.
To measure autistic traits, the SRS-2 and the RBS-R were used. To measure sensory
reactivity the SEQ was used. Finally, to measure adaptive behaviors, the VABS-3 was used. For
further information regarding these measures see Chapter 3.
Data Analysis
For all caregiver report questionnaires, Cronbach’s alpha was calculated for this sample
twice, first for the full sample of autistic and non-autistic children and second for the sub-sample
of non-autistic children (see Table 3.2).
Measure of Sensory Responsiveness
Raw caregiver ratings of the SEQ were entered into a template that automatically
calculated total scores as well as subscales scores of hypo-reactivity, hyper-reactivity, and sensor
seeking. For the SEQ scores, items number 2, 7, 13, and 26 (control items) were excluded from
the score calculation.
Measure of RRB
For the RBS-R, a template was used to calculate scores for the five subscales based on
Bishop et al. (2013) and included Sensory-Motor, Restricted Interests, Self-Injurious behaviors,
Compulsive behaviors, and Ritualistic/Sameness behaviors. Cronbach’s alphas (see Table 3.2)
ranged between moderate (α > .60) and strong (α >.91; for a review see Taber, 2018), supporting
the use of these five subscale scores.
Measure of Adaptive Behavior
To score the VABS-3, Q-Global, Pearson’s online testing and scoring platform, was used.
Two research assistants were trained on how to use Q-Global for scoring the VABS-3. First, they
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entered the raw caregiver’s ratings on the VABS-3 to the scoring system. Next, the lead
experimenter ran discrepancy checks between caregiver reports and research assistant entry by
exporting caregiver ratings as entered to Q-Global and comparing them to the original caregiver
reports. All discrepancies were resolved by the lead experimenter and were fixed in Q-Global
(less than 2% of the entered data showed discrepancies). Next, the research assistants exported
the scores report from Q-Global in a PDF format and entered the three domain scores, as well as
the ABC composite scores, from the reports to a designated database.
Table 3.2
Cronbach's Alpha of Scales and Subscales for the Current Sample
Number of Items Full Sample

Non-Autistic Participants

SRS-2
SCI Composite
RRB Subscale

65
53
12

.95
.94
.86

.94
.93
.81

SEQ
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

33
6
14
13

.72
.77
.87

.88
.59
.74
.86

RBS-R
Sensory-Motor Subscale
Restricted Interest Subscale
Self-Injurious Behaviors Subscale
Compulsive Behaviors Subscale
Ritualistic/Sameness Behaviors Subscale

43
7
2
8
10
11

.93
.83
.64
.65
.80
.84

.91
.80
.72
.61
.75
.75

VABS-3
Communication Domain
Socialization Domain
Daily Living Skills Domain

120
40
40
40

.99
.97
.96
.97

.98
.97
.94
.97

Note : SRS-2 = Social Responsiveness Scale - Second Edition; SCI = Social-Communication and Interaction; SCQ =
Social Communication Questionnaire; SEQ = Sensory Experiences Questionnaire; SSP-2 = Short Sensory Profile;
RBS-R = Repetitive Behavior Scale-Revised; VABS-3 =Vineland Adaptive Behavior Scales - Third Edition; Four
control non-scoreable items were excluded from the SEQ and one item from the SCQ.
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Statistical Analysis
All statistical analyses were conducted using IBM SPSS software (version 28). The
statistical analysis involved four goals: 1) preliminary analysis of age and gender effects on
autistic traits, sensory reactivity, RRB, and adaptive behaviors, 2) examining the three sensory
reactivity patterns (hypo-reactivity, hyper-reactivity, and sensory seeking) as predictors of
autistic traits including overall traits, social-communication, RRB, and the five RRB subtypes, 3)
examining the three sensory reactivity patterns as predictors of overall adaptive behaviors, as
well as the subdomains of adaptive behavior, and 4) exploring how different sensory pattern
combinations (e.g., patterns of high vs. low across the three sensory patterns) might relate to
differences in autistic traits overall, as well as on social-communication skills, overall RRB
levels, and the RRB subtypes.
To explore how the different sensory pattern combinations (e.g., high on hypo-reactivity,
low on hyper-reactivity and sensory seeking) might relate to differences in autistic traits overall,
as well as on social-communication skills and RRB, a forced cluster analysis approach was used.
Children were classified into high/low on each of the sensory patterns based on a median split
(hypo-reactivity: Mdn = 8, high > 8, low ≤ 8; hyper-reactivity: Mdn = 23, high > 23, low ≤ 23;
sensory seeking: Mdn = 20, high > 20, low ≤ 20). Then, the 163 participants with valid SEQ data
were classified into one of four groups based on their high/low patterns. Cluster 1 consisted of
children classified as high on all three sensory reactivity patterns (High-3/Low-0; n = 47; 28.8%
of children); Cluster 2 consisted of children classified as high on two sensory reactivity patterns,
and low on one (High-2/Low-1; n = 48; 29.4%% of children); Cluster 3 consisted of children
classified as high on one sensory reactivity pattern, and low on two (High-1/Low-2; n = 38;
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23.3% of children); and Cluster 4 consisted of children classified as low on all three sensory
reactivity patterns (High-0/Low-3; n = 30; 18.4% of children).
Analyses then utilized a series of one-way ANOVAs to look for cluster-related
differences in 1) overall autistic traits (SRS-2 total score, RRB, and SCI), 2) RRB subtypes
(Sensory-Motor, Restricted Interests, Self-Injurious, Compulsive, Ritualistic/Sameness), and 3)
adaptive behaviors (VABS-3 ABC, Communication, Socialization, Daily Living Skills). For
significant main effect, post hoc analyses were conducted, to compare the different clusters.
Results
Preliminary Analysis: Effects of Age and Gender
Correlational analysis and t-tests were used to examine the effect of age and gender on
sensory reactivity, autistic traits, and adaptive behaviors, as past work showed that age and
gender might affect these measures (e.g., Ben-Sasson et al., 2009; Chen et al., 2022; Esbensen et
al., 2009; McFayden et al., 2020). Correction for multiple comparisons was applied for the
correlations between age and the other variables. To determine the p-critical, the .05 p-value was
divided by 15 (accounting for the 15 variables of interest including three autistic traits scores,
three sensory reactivity patterns, five RRB subtypes, and four adaptive behaviors scores),
resulting in p-critical of .003.
Age was significantly and positively associated with the ABC (r(109) = .30, p = .001)
and Communication domain on the VABS-3 (r(109) = .34, p < .001), suggesting an increase in
adaptive behaviors with age. No other correlations were found with age (ps > .003); therefore,
age was controlled for only in analyses including the VABS-3 ABC and Communication domain
scores.
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Independent-samples t-tests examined differences in sensory reactivity patterns, autistic
traits including social-communication skills and RRB, and adaptive behaviors between males
and females. Results showed that males had significantly higher scores than females for hyporeactivity scores (t(162) = 3.86, p < .001 ). No other significant differences were found between
males and females on the variables of interest (ps > .06); therefore, only analyses involving
hypo-reactivity controlled for gender.
Regression Analysis: Predicting Autistic Traits, RRB, and Adaptive Behavior
To examine whether the three sensory reactivity patterns predict autistic traits, RRB
subtypes, and adaptive behaviors, hierarchical multiple regression analyses were conducted. The
first regression model examined whether sensory reactivity patterns predict overall autistic traits,
using the SRS-2 total score as the dependent variable, and the three sensory reactivity patterns
derived from the SEQ as the independent variables, in addition to gender as a control variable.
Then, a follow-up set of models examined social-communication skills and RRB separately,
using the SRS-2 RRB and SCI scores as the dependent variables.
With a priori hypotheses regarding relations between sensory reactivity and RRB, a
further set of regression analyses were conducted to understand how the three sensory reactivity
scores might predict subtypes of RRB. Five additional regression models were therefore
conducted (each of the five RBS-R subtypes acted as the dependent variable for one analysis,
and again, all models included the three sensory response scores as independent variables and
gender as a control variable). All reported betas are standardized betas. Results from regression
analyses are described below and in Tables 5.1, 5.2, and 5.3.
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Autistic Traits
The hierarchical multiple regression model predicting overall autistic traits revealed that
overall, the model significantly predicted autistic traits (R² = .41, F(4,155) = 27.62, p < .001; see
Table 5.1). Gender did not significantly contribute to the model (B = .10; p = .14). In the second
step, hypo-reactivity (B = .18; p = .011) and hyper-reactivity (B = .51; p < .001), but not sensory
seeking (B = .09; p = .26), significantly predicted autistic trait levels after controlling for gender.
Similar results were found for SCI and RRB subscales with hypo-reactivity (Bs > .17; ps < .018)
and hyper-reactivity (Bs > .46; ps < .001), but not sensory seeking (Bs < .09; ps > .25).
Table 5.1
Multiple Regression Predicting Autistic Traits from Sensory Reactivity Patterns
Standardized
B
SRS-2 Total T-Score (Overall
Autistic Traits)
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking
SRS-2 Restricted and Repetitive
Behaviors
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

0.1
0.18
0.51
0.09

0.037
0.216
0.469
0.072

t

p

1.5
2.58
6.42
1.13

0.56
3.053
5.815
0.942

SRS-2 Social Communication and
Interaction
Gender
0.12
1.78
Hypo-Reactivity
0.17
2.42
Hyper-Reactivity
0.49
6.05
Sensory Seeking
0.09
1.13
Note: SRS-2 = Social Responsiveness Scale-Second Edition
*p < .05; ** p < .01; ***p < .001
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R²

F

df

p

0.4

27.62

4,155

<.001***

0.39

24.76

4,155

<.001***

0.39

25.08

4,155

<.001***

0.14
.011*
<.001***
0.26

0.577
.003**
<.001***
0.348

0.08
.017*
<.001***
0.26

Restricted and Repetitive Behavior Subtypes
To follow up on the significant results from the previous regression analysis and to better
understand whether different combinations of sensory reactivity predict the different RRB
subtypes, hierarchical multiple regression analyses were again conducted.
For each of the five RRB subtypes (i.e., Sensory-Motor, Restricted Interests, SelfInjurious, Compulsive, Ritualistic/Sameness), the overall models were shown to be significant
when variables hypo-reactivity, hyper-reactivity, and sensory seeking were included as
predictors .
When examining the predictors of the five RRB subtypes, the models predicting SensoryMotor behaviors, Restricted Interests, and Compulsive behaviors found that hyper-reactivity (Bs
> .32; ps < .001) and sensory seeking (Bs > .16; ps < .04), but not hypo-reactivity (Bs < .13; ps >
.10), significantly predicted these RRB subtypes (see Table 5.2). In the hierarchical multiple
regression model predicting Self-Injurious behaviors, hypo-reactivity (B = .24; p = .002) and
sensory seeking (B = .35; p < .001), but not hyper-reactivity (B = .12; p = .18), were significant
predictors. In the hierarchical multiple regression model predicting Ritualistic/Sameness
behaviors, hyper-reactivity (B = .41; p < .001) but not hypo-reactivity or sensory seeking (Bs <
.15; ps > .07) significantly predicted Ritualistic/Sameness behaviors. In all models, gender was
entered separately as the first step and did not significantly contribute to the model (see Table
5.2).
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Table 5.2
Multiple Regression Predicting RRB Subtypes from Sensory Reactivity Patterns
Standardized
B

t

p

RBS-R Sensory-Motor Behaviors
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

0.043
0.066
0.393
0.199

0.624
0.873
4.609
2.453

0.534
0.384
<.001***
.015*

RBS-R Restricted Interests
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

-0.05
0.123
0.328
0.196

-0.708
1.604
3.794
2.379

0.48
0.111
<.001***
.019*

RBS-R Self-Injurious Behaviors
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking
RBS-R Compulsive Behaviors
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

0.094
0.235
0.117
0.349

0.012
0.021
0.413
0.171

RBS-R Ritualistic/Sameness
Behaviors
Gender
0.057
Hypo-Reactivity
0.136
Hyper-Reactivity
0.414
Sensory Seeking
0.14
Note: RBS-R = Repetitive Behaviors Scale-Revised
*p < .05; ** p < .01; ***p < .001

1.342
3.079
1.353
4.256

0.172
0.28
4.774
2.086

0.83
1.818
4.906
1.748

R²

F

df

p

0.31

17.92

4,158

<.001***

0.27

16.19

4,158

<.001***

0.28

16.53

4,158

<.001***

0.27

16.17

4,158

<.001***

0.33

19.06

4,158

<.001***

0.182
.002**
0.178
<.001***

0.864
0.78
<.001***
.039*

0.408
0.071
<.001***
0.082

Adaptive Behaviors
To examine whether sensory reactivity predicts overall adaptive behaviors, the first
regression analysis was conducted with the ABC as the dependent variable, the three sensory
reactivity patterns as the dependent variables, and age and gender as control variables was
conducted. Next, with a priori hypotheses regarding relations between sensory reactivity and
adaptive behaviors, three regression analyses were conducted as a follow-up on the adaptive
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behaviors domains, each using one of the VABS-3 domains as the dependent variable
(Communication, Socialization, and Daily Living Skills), and all models included the three
sensory response scores as independent variables and gender as a control variable (see Table
5.3). The model predicting Communication skills was also included age as a control variable.
The hierarchical multiple regression model predicting adaptive behaviors (ABC score)
from sensory reactivity patterns showed that overall, the model significantly predicted adaptive
behaviors (R² = .20, F(5,105) = 5.12, p < .001). Age (B = .28; p = .003), but not gender (B = .03;
p = .77), significantly contributed to the regression model (R² = .10, F(2,108) = 6.20, p = .003).
In the second step, hyper-reactivity (B = .24; p = .034), but not hypo-reactivity or sensory
seeking (Bs < .16; ps > .12), significantly predicted adaptive behaviors after controlling for
gender and age. Follow-up analyses examined the different adaptive behavior domains
(Communication, Socialization, Daily Living Skills) separately. The model predicting
Communication skills showed that overall, the model significantly predicted Communication
skills (R² = .18, F(5,105) = 4.72, p < .001), and again, age (B = .30; p = .002), but not gender (B
= .18; p = .85), significantly contributed to the model. None of the sensory reactivity measures
significantly contributed to the model for Communication skills after controlling for age and
gender (Bs < .17; ps > .14).
The overall model predicting Daily Living Skills was significant (R² = .07, F (4,106) =
2.12, p = .083). Gender did not significantly contribute to the regression model (B = .02; p = .85).
In the second step, hyper-reactivity (B = .28; p = .019), but not hypo-reactivity or sensory
seeking (Bs < .11; ps > .35), significantly predicted Daily Living Skills after controlling for
gender. Furthermore, the overall model predicting Socialization skills was significant (R² = .15,
F (4,106) = 4.63, p = .002). Gender did not significantly contribute to the regression model (B =
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.002; p = .98). In the second step, hyper-reactivity (B = .24; p = .04), but not hypo-reactivity or
sensory seeking (Bs < .19; ps > .07), significantly predicted Socialization skills after controlling
for gender.
Table 5.3
Multiple Regression Predicting Adaptive Behaviors from Sensory Reactivity Patterns
Standardized
B

t

p

VABS-3 Adaptive Behavior
Composite (ABC)
Gender
Age
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

0.028
0.284
-0.152
-0.238
0.025

0.298
3.025
-1.523
-2.152
0.229

0.766
.003**
0.131
.034*
0.819

VABS-3 Communication Domain
Gender
Age
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

-0.018
0.295
-0.113
-0.16
-0.067

-0.189
3.118
-1.127
-1.439
-0.619

0.851
.002**
0.262
0.153
0.538

VABS-3 Socialization Domain
Gender
Hypo-Reactivity
Hyper-Reactivity
Sensory Seeking

0.002
-0.184
-0.235
-0.063

0.021
-1.811
-2.076
-0.587

0.983
0.073
.04*
0.559

VABS-3 Daily Living Skills Domain
Gender
0.019
0.188
Hypo-Reactivity
-0.062
-0.584
Hyper-Reactivity
-0.281
-2.379
Sensory Seeking
0.104
0.924
Note : VABS-3 = Vineland Adaptive Behavior Scales, Third Edition
*p < .05; ** p < .01; ***p < .001

R²

F

df

p

0.2

5.12

5,105

<.001***

0.15

4.7

5,105

<.001***

0.15

4.63

4,106

<.001***

0.07

2.12

4,106

<.001***

0.851
0.56
.019*
0.358

Exploratory Forced Clustering Analysis
One-way ANOVA analyses were conducted to examine the effect of sensory reactivity
clusters on overall autistic traits, social-communications skills, RRB, and adaptive behaviors.
Post hoc analyses examined differences between the clusters for significant one-way effects.
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Correction for multiple comparisons was applied. To determine the p-critical, the .05 p-value
was divided by the number of post-hoc comparisons (i.e., 6 comparisons of the four clusters,
including High-3/Low-0 compared to High-2/Low-1, High-1/Low-2, and High-0/Low-3; High2/Low-1 compared to High-1/Low-2 and High-0/Low-3; High-1/Low-2 compared to High0/Low-3), resulting in p-critical of .008.
Autistic Traits
One-way ANOVA and planned post hoc analyses examined how the four sensory
reactivity profiles (High-3/Low-0, High-2/Low-1, High-1/Low-2, and High-0/Low-3) might
differ on autistic traits. Results showed that there was a significant effect of sensory reactivity
clusters on overall autistic traits (F(3,155) = 14.74, p < .001, η² = .22), RRB (F(3,155) = 11.29, p
< .001, η² = .27), and social-communication skills (F(3,155) = 13.70, p < .001, η² = .31).
Post hoc analysis showed that cluster High-3/Low-0 (i.e., high on all three sensory
reactivity patterns, and low on none) had significantly more autistic traits than all three other
clusters (ps < .001). Additionally, cluster High-2/Low-1 showed more overall autistic traits
compared to cluster High-0/Low-3 (p = .003). For both RRB and SCI, results from post hoc
analysis mirrored the findings with overall autistic traits (ps < .008; see Table 5.4 for post hoc
comparisons statistics for all clusters).
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Table 5.4
Post Hoc Analysis of Sensory Pattern Clusters in Relation to Autistic Traits

SRS-2 Total T-Score (Overall
Autistic Traits)
High-3/Low-0

High-2/Low-1
High-1/Low-2
SRS-2 Restricted and
Repetitive Behaviors
High-3/Low-0

High-2/Low-1
High-1/Low-2
SRS-2 Social Communication
and Interaction
High-3/Low-0

High-2/Low-1
High-1/Low-2

Mean
Difference

SE

p value

95% Confidence Interval
Lower
Upper
Bound
Bound

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

4.701**
7.456**
9.303**
2.755
4.601*
1.846

1.355
1.449
1.555
1.429
1.536
1.62

<.001
<.001
<.001
0.056
0.003
0.256

2.02
4.59
6.23
-0.07
1.57
-1.35

7.38
10.32
12.37
5.58
7.64
5.05

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

4.321*
6.359**
8.639**
2.038
4.318*
2.281

1.396
1.493
1.602
1.472
1.583
1.669

0.002
<.001
<.001
0.168
0.007
0.174

1.56
3.41
5.47
-0.87
1.19
-1.02

7.08
9.31
11.8
4.95
7.44
5.58

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

4.450*
7.263**
9.051**
2.813
4.601*
1.788

1.369
1.464
1.571
1.444
1.552
1.637

0.001
<.001
<.001
0.053
0.004
0.276

1.75
4.37
5.95
-0.04
1.53
-1.45

7.15
10.16
12.15
5.66
7.67
5.02

Note : SRS-2 = Social Responsiveness Scale, Second Edition
*p <.008; **p <.001

Restricted and Repetitive Behavior Subtypes
One-way ANOVA and planned post hoc analyses examined how sensory reactivity
profiles might differ for the distinct RRB subtypes. Results showed that there was a significant
effect of sensory reactivity clusters on all five of the RRB subtypes: Sensory-Motor behaviors
(F(3,159) = 10.9, p < .001, η² = .17), Restricted Interests (F(3,159) = 12.43, p < .001, η² = .19),
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Self-Injurious behaviors (F(3,159) = 5.26, p = .002, η² = .10), Compulsive behaviors (F(3,159) =
8.82, p < .001, η² = .14), Ritualistic/Sameness behaviors (F(3,159) = 13.18, p < .001, η² = .20).
For Sensory-Motor behaviors, Restricted Interests, and Ritualistic/Sameness behaviors,
post hoc analysis showed that the High-3/Low-0 cluster had significantly higher levels of these
RRB than clusters High-2/Low-1 (ps ≤ .001), High-1/Low-2 (ps < .001), and High-0/Low-3 (ps
< .001). Additionally, post hoc analysis showed that cluster High-3/Low-0 had significantly
more Self-Injurious behaviors than clusters High-1/Low-2 (p < .002) and High-0/Low-3 (p <
.001). Furthermore, cluster High-3/Low-0 had more Compulsive behaviors than clusters High1/Low-2 and High-0/Low-3 (ps < .001), and cluster High-2/Low-1 also showed more
Compulsive behaviors than cluster High-0/Low-3 (p = .007). See Table 5.5 for full post hoc
comparisons statistics.
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Table 5.5
Post Hoc Analysis of Sensory Pattern Clusters in Relation to Restricted and Repetitive Behaviors
Mean
Difference

SE

p value

95% Confidence Interval
Lower
Upper
Bound
Bound

High-2/Low-1

1.102*

0.331

0.001

0.45

1.76

High-1/Low-2

1.762**

0.352

<.001

1.07

2.46

High-0/Low-3

1.727**

0.377

<.001

0.98

2.47

High-1/Low-2

0.66

0.35

0.061

-0.03

1.35

High-0/Low-3

0.625

0.375

0.098

-0.12

1.37

High-0/Low-3

-0.035

0.394

0.929

-0.81

0.74

High-2/Low-1

0.707**

0.155

<.001

0.4

1.01

High-1/Low-2

0.836**

0.164

<.001

0.51

1.16

High-0/Low-3
High-1/Low-2

0.848**
0.129

0.176
0.164

<.001
0.43

0.5
-0.19

1.2
0.45

High-0/Low-3

0.142

0.175

0.42

-0.2

0.49

High-0/Low-3

0.012

0.184

0.947

-0.35

0.38

High-2/Low-1

0.584

0.241

0.016

0.11

1.06

High-1/Low-2

0.811*

0.256

0.002

0.31

1.32

High-0/Low-3
High-1/Low-2

0.955**
0.227

0.274
0.255

<.001
0.374

0.41
-0.28

1.5
0.73

High-0/Low-3

0.371

0.273

0.176

-0.17

0.91

High-0/Low-3

0.144

0.287

0.616

-0.42

0.71

High-2/Low-1

0.692

0.411

0.094

-0.12

1.51

High-1/Low-2

1.839**

0.437

<.001

0.98

2.7

High-0/Low-3
High-1/Low-2

1.967**
1.147

0.469
0.435

<.001
0.009

1.04
0.29

2.89
2.01

High-0/Low-3

1.275*

0.467

0.007

0.35

2.2

High-0/Low-3

0.128

0.49

0.794

-0.84

1.1

High-2/Low-1
High-1/Low-2

1.713**
2.634**

0.46
0.489

<.001
<.001

0.8
1.67

2.62
3.6

High-0/Low-3

2.713**

0.524

<.001

1.68

3.75

High-1/Low-2
High-0/Low-3
High-0/Low-3

0.921
1
0.079

0.487
0.522
0.547

0.06
0.057
0.886

-0.04
-0.03
-1

1.88
2.03
1.16

RBS-R Sensory-Motor Behaviors
High-3/Low-0

High-2/Low-1
High-1/Low-2
RBS-R Restricted Interests
High-3/Low-0

High-2/Low-1
High-1/Low-2
RBS-R Self-Injurious Behaviors
High-3/Low-0

High-2/Low-1
High-1/Low-2
RBS-R Compulsive Behaviors
High-3/Low-0

High-2/Low-1
High-1/Low-2
RBS-R Ritualistic/Sameness
Behaviors
High-3/Low-0

High-2/Low-1
High-1/Low-2

Note : RBS-R = Repetitive Behaviors Scale-Revised
*p <.008; **p <.001
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Adaptive Behaviors
One-way ANOVA and planned post hoc analyses examined how sensory reactivity
profiles might differ on adaptive behaviors. Results showed that there was a significant effect of
sensory reactivity clusters on overall adaptive behaviors (F(3,106) = 5.74, p = .001, η² = .14), as
well as the three domains: Communication skills (F(3,106) = 5.27, p = .002, η² = .13),
Socialization skills (F(3,106) = 6.74, p < .001, η² = .16), and Daily Living Skills (F(3,106) =
3.12, p = .027, η² = .08).
Post hoc analysis showed that cluster High-0/Low-3 had significantly more overall
adaptive behaviors than clusters High-3/Low-0 (p < .001) and High-2/Low-1 (p = .004).
Additionally, cluster High-0/Low-3 showed significantly better communication skills than
cluster High-3/Low-0 (p < .001). Further, cluster High-0/Low-3 also showed significantly better
Socialization skills than clusters High-2/Low-1 (p = .005) and High-3/Low-0 (p < .001), and
cluster High-1/Low-2 also showed significantly better Socialization skills than clusters High3/Low-0 (p = .004). Finally, cluster High-0/Low-3 showed significantly better Daily Living
Skills than cluster High-2/Low-1 (p = .003). See Table 5.6 for full post hoc comparisons
statistics.
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Table 5.6
Post Hoc Analysis of Sensory Pattern Clusters in Relation to Adaptive Behaviors

VABS-3 Adaptive Behavior
Composite (ABC)
High-3/Low-0

High-2/Low-1
High-1/Low-2

Mean
Difference

SE

p value

95% Confidence Interval
Lower
Upper
Bound
Bound

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

-4.215
-7.103
-14.453**
-2.889
-10.239*
-7.35

3.068
3.355
3.574
3.201
3.429
3.688

0.172
0.037
<.001
0.369
0.004
0.049

-10.3
-13.76
-21.54
-9.23
-17.04
-14.66

1.87
-0.45
-7.37
3.46
-3.44
-0.04

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

-8.446
-8.884
-15.674**
-0.438
-7.228
-6.79

3.465
3.79
4.036
3.615
3.873
4.166

0.016
0.021
<.001
0.904
0.065
0.106

-15.32
-16.4
-23.68
-7.61
-14.91
-15.05

-1.58
-1.37
-7.67
6.73
0.45
1.47

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

-4.587
-8.488*
-13.198**
-3.901
-8.611*
-4.71

2.663
2.913
3.102
2.779
2.977
3.202

0.088
0.004
<.001
0.163
0.005
0.144

-9.87
-14.26
-19.35
-9.41
-14.51
-11.06

0.69
-2.71
-7.05
1.61
-2.71
1.64

High-2/Low-1
High-1/Low-2
High-0/Low-3
High-1/Low-2
High-0/Low-3
High-0/Low-3

1.97
-1.524
-8.224
-3.494
-10.194*
-6.7

3.011
3.294
3.508
3.142
3.366
3.621

0.514
0.644
0.021
0.269
0.003
0.067

-4
-8.05
-15.18
-9.72
-16.87
-13.88

7.94
5.01
-1.27
2.73
-3.52
0.48

VABS-3 Communication Domain
High-3/Low-0

High-2/Low-1
High-1/Low-2
VABS-3 Socialization Domain
High-3/Low-0

High-2/Low-1
High-1/Low-2
VABS-3 Daily Living Skills Domain
High-3/Low-0

High-2/Low-1
High-1/Low-2

Note : VABS-3 = Vineland Adaptive Behavior Scales, Third Edition
*p <.008; **p <.001
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Discussion
The current study examined whether different combinations of sensory reactivity patterns
predict autistic traits and adaptive behaviors, and the effects of different sensory reactivity
clusters on autistic traits and adaptive behaviors in non-autistic children. The main findings of
the present study were: 1) overall autistic traits, as well as social-communication skills and
overall RRB, were predicted from hypo-reactivity and hyper- reactivity, but not from sensory
seeking, 2) Different sensory reactivity patterns predicted different restricted and repetitive
behavior subtypes, 3) adaptive behaviors, including Socialization, and Daily Living Skills, but
not Communication skills, were predicted from hyper-reactivity, and 4) children who were high
on all three sensory reactivity patterns had more overall autistic traits, social-communication
difficulties, and RRB, as well as fewer adaptive behaviors than children who were low on all
three sensory reactivity patterns.
Similar to past work with autistic and non-autistic children, the current study found that
hypo-reactivity and hyper-reactivity predicted autistic traits (Feldman et al., 2020; Schulz &
Stevenson, 2019), including RRB and social-communication skills. However, while other studies
with autistic and non-autistic children found relationships between sensory seeking, overall
autistic traits, overall levels of RRB, and social-communication skills (Feldman et al., 2020;
Zetler et al., 2022), sensory seeking did not predict these behaviors in the current study. A recent
study by Chen et al. (2022) showed that sensory seeking decreases from infancy (6-19 months)
to early childhood (3-4 years) to childhood (6-7 years) in a combined sample of children with
and without developmental conditions. In contrast, a meta-analysis by Ben-Sasson et al. (2009)
showed that sensory seeking increases up to ages 6-9 years of age, followed by a decrease after
the age of 9 years in autistic and non-autistic children, and in children with other developmental
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conditions. These findings point to a non-linear trajectory for sensory seeking patterns across
development. The current sample was primarily at the early age group (106 children between 2
and 6 years of age), when sensory seeking is expected to decrease (Chen et al., 2022). This might
explain why in the current sample, sensory seeking was not a significant predictor of overall
autistic traits, while in other studies it was (e.g., in Feldman et al. 2020, who had a sample of 818 years old autistic and non-autistic participants). The differences in the developmental
trajectories of sensory reactivity patterns need to be studied further to elucidate their effect on
developmental outcomes in autistic and non-autistic children.
The current study also examined the impact of the different sensory reactivity patterns on
the subtypes of RRB and found that different combinations of sensory reactivity patterns
predicted some of the RRB subtypes. Overall, hyper-reactivity predicted four of the five RRB
subtypes (Sensory-Motor behaviors, Restricted Interests, Compulsive behaviors,
Ritualistic/Sameness behaviors). Schulz and Stevenson (2019) also found that hyper-reactivity
predicted Sensory-Motor behaviors, Restricted Interests, and Ritualistic/Sameness behaviors
(i.e., Rigidity and Adherence to Routine on the Repetitive Behaviors Questionnaire-2). In past
work, hypo-reactivity was found in higher rates in autistic children than in developmentally
delayed peers (e.g., Baranek et al., 2006) and distinguished autistic children from non-autistic
peers (e.g., Baranek et al., 2013; Ben-Sasson et al., 2009). Although past work showed that
hypo-reactivity is linked to RRB (Feldman et al., 2020; Fetta et al., 2021; Foss-Feig et al., 2012;
Zetler et al., 2022), in the current study hypo-reactivity only predicted Self-Injurious behaviors.
It is possible that in a sample of non-autistic children with low levels of hypo-reactivity, these
levels were not able to predict other behaviors such as RRB, except the extreme RRB subtype of
Self-Injurious behaviors.
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Interestingly, in our sample, sensory seeking also predicted four of five RRB subtypes
(Sensory-Motor behaviors, Restricted Interests, Self-Injurious behaviors, and Compulsive
behaviors). Because sensory seeking refers to the urge to seek sensory sensation (e.g., Miller et
al., 2007), it is expected that those who are sensory seekers will show more behaviors that can
provide sensory feedback. Sensory-Motor behaviors (e.g., hand flapping, body rocking) might
provide sensory feedback through the body. Individuals who show more sensory seeking patterns
might seek strong sensory feedback through extreme behaviors such as Self-Injurious behaviors
(e.g., self-biting, head slamming against the wall). Further, they might find sensory feedback in
extreme focus on their subject of interest, and they might seek their subject of interest as a selfregulatory behavior (Restricted Interests, e.g., preoccupation with weather). Compulsive
behaviors (e.g., need for items to be arranged in a particular order or angle) can provide
pleasurable sensory feedback that is associated with reduced stress and anxiety.
In the current study, Sensory-Motor behaviors, Restricted Interests, and Compulsive
behaviors had the same sensory profile and were predicted from both hyper-reactivity and
sensory seeking. It is possible that those who are sensory seekers and hyper-reactive seek
sensory sensation because they need to regulate an overwhelming sensation that is caused by also
experiencing hyper-reactivity. Past work suggested that RRB might help with regulating overstimulated systems (Baker et al., 2008).
Self-Injurious behaviors were predicted by hypo-reactivity and sensory seeking. Perhaps
those who are sensory seekers seek sensory sensation to stimulate themselves as they are also
hypo-reactive (i.e., underwareness or a slowed response to sensory stimuli). Finally,
Ritualistic/Sameness behaviors were predicted from hyper-reactivity only, and it is possible that
those who are hyper-reactive and have a strong reaction to sensory input might need behaviors
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that help organize and put an order to what could be experienced as a chaotic world. In the
absence of other sensory reactivity patterns, it is expected that Ritualistic/Sameness behaviors
will help to reduce the experienced stress that might be caused by difficulties in responses to
sensory input.
Past work has found that adaptive behaviors were associated with hypo-reactivity, hyperreactivity, and sensory seeking in autistic (Liss et al., 2006; Williams et al., 2018) and nonautistic children (Feldman et al., 2020). In the current sample of non-autistic children, and in line
with past work, hyper-reactivity predicted adaptive behaviors and particularly Socialization and
Daily Living Skills. However, in contrast to past work, hypo-reactivity and sensory seeking were
not predictive of adaptive behaviors. These results might suggest that hyper-reactivity has a
stronger effect on developmental outcomes because effects that were found in clinical
populations having this sensory reactivity pattern are also shown in the broader, non-clinical
population.
Results from the exploratory cluster analysis showed that in non-autistic children, those
who are high on all three sensory reactivity patterns had more autistic traits, increased levels of
all RRB subtypes, and fewer adaptive behaviors than children low on all sensory reactivity
patterns. For autistic traits, the High-3/Low-0 cluster showed more overall autistic traits, more
RRB, and more difficulties with social-communication skills than the other sensory reactivity
clusters. However, the intermediate sensory reactivity groups showed a pattern of similarity and
differences with the group that is high on all three sensory reactivity patterns on autistic traits
and adaptive behaviors. Only cluster High-2/Low-1 (high on two of the three sensory reactivity
patterns and low on one) showed more overall autistic traits, more overall RRB, and more socialcommunication difficulties than cluster High-0/Low-3. Interestingly, cluster High-3/Low-0
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differed from cluster High-2/Low-1. Additionally, cluster High-2/Low-1 did not differ from
cluster High-1/Low-2. Although the intermediate groups did not all differ from each other, this
preliminary examination showed that the variability in sensory reactivity profiles is meaningful,
and future work looking at these clusters could uncover the potential underlying mechanisms of
the different profiles and their impact on development.
For RRB subtypes, cluster High-3/Low-0 showed more Sensory-Motor behaviors,
Restricted Interests, Self-Injurious behaviors, and Ritualistic/Sameness behaviors than all other
sensory reactivity clusters. This might imply that low scores on at least one of the three sensory
reactivity groups can predict lower frequency and intensity of RRB for these four subtypes. For
Compulsive behaviors, cluster High-3/Low-0 was higher than clusters with two or more low
sensory reactivity scores (i.e., High-1/Low-2 and High-0/Low-3). Perhaps for Compulsive
behavior, low scores on at least two of the three sensory reactivity patterns can predict reduced
use of Compulsive behaviors for self-regulation.
For adaptive behaviors, those in the low on all three sensory reactivity patterns cluster
(High-0/Low-3) showed more overall adaptive behaviors than those in clusters High-2/Low-1
and High-3/Low-0. Cluster High-0/Low-3 also showed better communication skills than cluster
High-3/Low-0. Further, cluster High-0/Low-3 also showed significantly better socialization
skills than clusters High-2/Low-1 and High-3/Low-0, and cluster High-1/Low-2 showed better
socialization skills than cluster High-3/Low-0. Finally, cluster High-0/Low-3 showed
significantly better daily living skills than cluster High-2/Low-1.
Overall, cluster analysis findings suggest that in a non-autistic population, significant
differences in autistic traits, RRB subtypes, and adaptive behaviors might be dependent on
patterns of sensory reactivity level, meaning that, for example, the combination of lower levels
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of sensory reactivity on all three patterns might be predictive of fewer autistic characteristics.
Additionally, differences in autistic traits, RRB, and adaptive behaviors based on different
numbers of elevated sensory reactivity patterns suggest that these clusters are meaningful for
understanding the potential effect sensory reactivity profiles have on development.
The current study is among the first to examine questions previously asked in autistic
samples in a sample of non-autistic children in order to begin understanding these behaviors
outside of the clinical diagnoses they are associated with. This study also had several limitations.
First, the current study relies on caregiver reports only, which capture a limited range of
behaviors in a certain moment in time. Although past studies have shown high correspondence
between caregiver reports and lab-based assessments (e.g., Baranek et al., 2013), future research
might benefit from a combination of behavioral assessments and caregiver reports. Second, this
study is a correlational study, and conclusions regarding the impact of sensory reactivity on
prospective adaptive behaviors such as social-communication skills cannot be drawn. In order to
confirm the hypothesis that sensory reactivity causes distress that needs to be regulated by
behaviors such as RRB, and that this coping mechanism might have a detrimental effect on
development, future work should examine sensory reactivity trajectories alongside RRB and
adaptive behaviors longitudinally. Third, some of the behaviors examined in the current study
are more frequent in autistic populations than in the general population. In the current study, of
non-autistic children, it is possible that there was reduced variability in behaviors, leading to
some recent findings not being fully replicated. Future work would benefit from recruiting an
autistic sample and examining how the relationships differ based on the addition of behavioral
variability that would result. Finally, while the current study did control for age and gender
where appropriate, cognitive ability was not included as a control factor. Past work has found
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that RRB change as a function of cognitive ability (e.g., Bishop et al., 2006), and it will be
important in future work to ensure that the relationship between sensory reactivity and RRB is
not being driven by differences in cognitive functioning.
In conclusion, the current study expands on past work that found relationships between
sensory reactivity and autistic traits, and RRB in particular, to show that different combinations
of sensory reactivity patterns predict autistic traits, RRB subtypes, and adaptive behaviors in
non-autistic children. Additionally, past studies have shown that sensory reactivity can have a
negative impact on adaptive behaviors in non-autistic populations with varying degrees of
autistic traits, and the current study expands on this work to show that being classified into a
sensory cluster based on the three sensory reactivity patterns can be informative, and points to
the potential benefit of sensory clustering when all three reactivity patterns are taken into
account.
Overall, this study contributes to the broader autism phenotype approach by showing that
sensory reactivity varies in the general population and is associated with autistic traits. This
could mean that the detrimental effects we observe in autistic children that are associated with
sensory reactivity can affect the general population as well. This study emphasizes the benefit of
a longitudinal study that will examine the trajectories of sensory reactivity alongside autistic
traits in autistic and non-autistic children across development, to first elucidate the trajectories by
which sensory reactivity might affect RRB and adaptive behaviors, and second, to examine the
differences in those trajectories in autistic and non-autistic populations.
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CHAPTER 6
Introduction
The third study of this dissertation examined the three constructs of the working model
guiding this dissertation (see Figure 2.1) by examining the potential role of autonomic activity in
the relationship between sensory reactivity and RRB, which was discussed in the previous
chapter (Chapter 5).
The autonomic nervous system has a key role in modulating and regulating sensory and
bodily responses (e.g., Hirstein et al., 2001; Schaaf et al., 2015), and prepares the body to
respond to the changing demands of the environment. Because of that, autonomic activity has
been studied in relation to sensory reactivity and self-regulatory behaviors, such as RRB, in
autistic children (e.g., for a review see Gomez et al., 2017). Findings show that in autistic
children, increased sympathetic activity was associated with increased sensory reactivity
(Hirstein et al., 2001) and more RRB (Prince et al., 2017). Additionally, reduced
parasympathetic activity has been associated with sensory reactivity (Lory et al., 2020;
Matsushima et al., 2016), and more RRB (Condy et al., 2017). Because of the dynamic
interaction between activity in sympathetic and parasympathetic nervous systems, where changes
in one branch might result in an increase, decrease, or no change in the other branch, it is crucial
to include measures of both sympathetic and parasympathetic nervous systems when
characterizing physiological responses in relation to sensory processing, as both branches are
needed to uncover the full picture (Berntson et al., 1991).
The current study aimed to comprehensively examine the relationship between sensory
reactivity, RRB, and autonomic activity to better understand the inter-relations between these
constructs in children. The study's first goal was to examine the relationships between sensory
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reactivity, RRB, and autonomic activity in a subset of autistic and non-autistic children who
participated in the in-person portion of the study. The second goal of this study was to examine
whether autonomic activity at baseline affects the relationships between sensory reactivity and
RRB.
Method
Participants
The final sample consisted of 66 children (4 autistic, 62 non-autistic; 34 female, 32
male), with a mean age of 6.59 years (SD = 2.67 years; Range: 2.42-12.92). For an elaborated
description of the sample’s demographics and recruitment methods, see Table 6.1 and Chapter 3.

Table 6.1
Sample Demographics

N

Autistic

Nonautistic

4

62

7.02 (1.36)

6.56 (2.73)

5.17-8.33

2.42-12.92

1
3

33
29

Age
Mean (SD)
Range
Gender
Female
Male

The current chapter includes a preliminary combined sample of autistic and non-autistic
children. The previous two studies of this dissertation expanded on past research that was done in
autistic children, examining these questions in a non-autistic sample after the relationships were
already well-established in autistic populations. The current study presents less-studied questions
that were partially asked in autistic children and rarely in non-autistic children. Therefore, the
current sample is a combined sample of autistic and non-autistic children. However, because of
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the small autistic sample size and for consistency with the previous two chapters, results from the
non-autistic sample alone is reported as well (i.e., the four autistic children were excluded, see
Statistical Analysis section).
Procedure
This study focuses on measures of autonomic activity at baseline and caregiver
questionnaires. For the full study design and details on data processing, see Chapter 3. The inperson data collections included collection of ECG, respiration, and electrodermal activity during
a 6-minute baseline. Caregivers also completed a set of questionnaires including the SEQ, SRS2, and RBS-R. The current chapter focuses on sensory reactivity patterns from the SEQ, overall
RRB score from the SRS-2, and the five RBS-R subtypes as they relate to autonomic measures
of the sympathetic nervous system (skin conductance level) and the parasympathetic nervous
system (respiratory sinus arrhythmia).
Data Analysis
Physiological Measurements
EGC and electrodermal activity were analyzed for a 5-minute baseline period within the
6-minute baseline video, focusing on the last 5 of the 6 minutes. The first minute was not
included in the analysis to allow time for adaptation. All data files were saved in AcqKnowledge
Graph format and pre-processed to prepared for analysis in MindWare software. First, the 5minute baseline segment was cut from the bigger data collection file that also included the
calibration and PLR task. In AcqKnowledge, tags marked the beginning and end of the baseline
period, and the baseline segment was cut starting at the end tag minus 300 seconds to capture the
last 5 minutes of this segment, and this was saved as a separate Graph file. Then, a series of
checks were run to ensure the sampling frequency, timing, and ECG and electrodermal activity
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values were within the expected range. All files were checked for 2KH sampling rate, 5 minutes
of baseline, ECG values between -10 to 10 volt, and non-negative electrodermal activity values
(see Figure 6.1). Then, electrodermal activity waveforms were rescaled to match the range
accepted in MindWare (up to 10 μS), and all electrodermal activity values were divided by 10.
Each baseline file was then saved in Graph 3 format to match MindWare format requirements.
For both ECG and electrodermal activity data files, a reliability check was done on 20% of the
participants with usable data. The lead experimenter randomly selected 20% (n = 14) of the
participants with useable data, and a trained research assistant then repeated the preparation steps
of cutting the baseline segment of the full physiological data file (from AcqKnowledge) and the
running of all checks, including rescaling the electrodermal activity waveform. The lead
experimenter then ran a discrepancy check, and none were found.

Figure 6.1. A flow chart of the data processing steps for ECG and electrodermal activity (EDA) data.

Electrocardiography (ECG) and Respiration. In MindWare HRV (heart rate
variability) version 3.2.9, each of the baseline Graph 3 files were analyzed in 60-second
segments. Respiration frequency range (in Hz) was set in MindWare based on past work with
children (Bar-Haim et al., 2000; Berntson et al., 2007). Very low frequency was between 0.003
and 0.04 Hz, low frequency was between 0.04 and 0.24 Hz, and high frequency, which
corresponds to RSA calculations, was between 0.24 and 1.04 Hz. Each segment was visually
inspected for artifacts (i.e., missing heartbeats, mislabeled heartbeats, unusual or unexpected
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intervals between two heartbeats), and segments with artifacts were edited. Edits included
deletion of a mislabeled peak, insertion of a missed heartbeat, and addition of a heartbeat in
between two peaks (i.e., using the midbeat function). Segments were excluded from analysis if
more than 10% of heartbeats required editing or if the peak respiration frequency fell outside the
defined high frequency range (0.24-1.04 Hz). Data were then exported from MindWare, and
values of mean heart rate (beats per minute, or bpm) and respiratory sinus arrhythmia were
extracted for each 60-second segment.
Participants who contributed three or more segments were included in the cardiac
analyses and their usable segments were averaged. In addition to the four children who did not
contribute physiological data, two children were excluded due to insufficient contribution of
usable segments because their data were too noisy and out of the high frequency respiration rate.
The remaining 64 participants contributed, on average, 4.97 60-second segments (SD = .25).
Mean respiratory sinus arrhythmia for these participants was 6.01 (SD = 1.20, range: 2.74-8.18).
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Electrodermal Activity. In MindWare EDA (electrodermal activity), each of the
baseline Graph 3 files was analyzed in 60 seconds segments. Each segment was inspected for
unusual electrodermal activity patterns such as a change of more than 2 μS over a short period of
time (i.e., less than 3 seconds), as recommended by experts from MindWare data analysis
support (link to website). Segments with extreme changes in μS were flagged and excluded from
analyses. Data were then exported from MindWare, and values of mean tonic skin conductance
level were extracted for each 60-second segment. Tonic skin conductance level (which will be
referred to as skin conductance level) refers to the skin conductance level at baseline, when no
stimulus is presented, and excludes skin conductance responses that might arise from deep
breaths and/or movement during a lack of external stimulation (i.e., phasic skin conductance
level).
Participants who contributed three or more segments were included in the analyses and
their usable segments were averaged. In addition to the four children who did not contribute
physiological data, two children were excluded due to technical issues (i.e., failure to calibrate
the equipment) during data acquisition. All the children who participated contributed four or five
usable segments (none were excluded based on that criterion). The remaining 64 participants
contributed, on average, 4.95 60-second segments (SD = .21). Mean skin conductance level for
these participants was 8.58 μS (SD = 5.75, range: 1.04-22.42).
Caregiver Questionnaires. To measure Autistic Traits, the SRS-2 was used, and scores
included Total T-score, SCI composite, and RRB subscale score. To further characterize
restricted and repetitive behaviors in the current sample, the RBS-R was use, and five subscale
scores were included (i.e., Sensory-Motor behaviors, Restricted Interests, Self-Injurious
behaviors, Compulsive behaviors, and Ritualistic/Sameness behaviors). To measure sensory
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reactivity patterns, the SEQ was used, and the three sensory reactivity patterns scores were
included (hypo-reactivity, hyper-reactivity, and sensory-seeking). See Chapter 4 for analysis of
the SRS-2 RRB score and Chapter 5 for SEQ and RBS-R scores.
Statistical Analysis
All statistical analyses were conducted in two ways to allow for consistency in reporting
the results across this dissertation. First, analyses were conducted including autistic and nonautistic participants, creating a combined sample. Then, analyses repeated with the non-autistic
sample (excluding the four autistic participants), as in Chapters 4 and 5.
Preliminary analyses examined the impact of wearing a mask during data acquisition on
autonomic measures (respiratory sinus arrhythmia and skin conductance level). Results from
independent-samples t-tests showed no differences between children who were fully masked
(non-autistic sample: n = 31; combined sample: n = 34) during data recordings and children who
did not wear a mask (non-autistic sample: n = 29; combined sample: n = 30) on respiratory sinus
arrhythmia (non-autistic sample: t(58) = .59, p = .56, Cohen’s d = .15; combined sample: t(62) =
.65, p = .52, Cohen’s d = .16) or skin conductance level (non-autistic sample: t(58) = .50, p = .62,
Cohen’s d = .13; combined sample: t(62) = .19, p = .85, Cohen’s d = .05) at baseline.
Correlation analysis examined the relationships between age, sensory reactivity patterns,
RRB, and autonomic measures, as age was found to be associated with these constructs (e.g.,
Baranek et al., 2006, Esbensen et al., 2009). Across the combined sample, age was significantly
and negatively associated with skin conductance level (r(62) = -.55, p < .001) and positively
associated with respiratory sinus arrhythmia (r(62) = .27, p = .033), suggesting that older
children have lower skin conductance level and higher respiratory sinus arrhythmia at baseline.
Results remained significant when examining only the non-autistic sample (ps < .043). Age was
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significantly and negatively associated with sensory seeking (r(63) = -.27, p = .03), but not with
the other sensory reactivity patterns (ps > .70) across the combined sample. When the autistic
children were excluded from the analysis, correlations with age remained the same. Age was not
significantly associated with any of the five RRB subtypes in either the combined sample or the
non-autistic sample (ps > .31). Following from these findings, all analyses that included RSA,
SCL, and/or sensory seeking were controlled for age.
To examine the relationship between autonomic activity, sensory reactivity patterns, and
RRB subtypes, partial correlations were conducted, controlling for age.
Hierarchical multiple regression models were used to examine the contribution of each
sensory reactivity pattern and autonomic measures (respiratory sinus arrhythmia and skin
conductance level), as well as the interaction between sensory and autonomic measures, on RRB.
Six multiple hierarchical regression analyses were conducted, with overall RRB score from the
SRS-2 (see Chapter 3) and the five RRB subtypes as the dependent variables. The first step in the
regression model included age as a control variable, the three sensory reactivity patterns (hyporeactivity, hyper-reactivity, and sensory seeking), and the autonomic measures (respiratory sinus
arrhythmia and skin conductance level; Model 1). Sensory reactivity patterns were included in
the model before autonomic measures because the goal was to examine whether autonomic
activity explains additional variability in RRB subtypes, above and beyond sensory reactivity
patterns. In the second step, interaction terms between sensory reactivity patterns and autonomic
measures were added (Model 2).
For significant interactions, to further explore the effect of different levels of autonomic
activity (high and low) on the relationship between sensory reactivity and restricted and
repetitive behaviors, partial correlation analyses, controlling for age, were conducted. Based on a
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median split of skin conductance level (Mdn = 7.00, high > 7.00, low ≤ 7.00) and respiratory
sinus arrhythmia (Mdn = 6.08, high > 6.08, low ≤ 6.08), participants were divided into high or
low groups for each of the autonomic measures. Median was calculated including all participants
who contributed autonomic data (autistic and non-autistic). Then, significant results were
graphed. Because of the exploratory nature of these analyses, p level was set to .05.
Results
Partial Correlation Analysis
Partial correlation (controlling for age) was executed to examine the relationship between
autonomic activity, sensory reactivity patterns, and RRB subtypes. When examining the
combined sample, results showed that respiratory sinus arrhythmia at baseline was significantly
and negatively associated with Sensory-Motor behaviors (r(58) = -.29, p = .025) and marginally
associated with Ritualistic/Sameness behaviors (r(58) = -.24, p = .064) after controlling for age.
Skin conductance level at baseline was positively associated with Self-Injurious behaviors (r(58)
= .39, p = .002). Respiratory sinus arrhythmia and skin conductance level were not significantly
associated with overall RRB levels (ps > .43), nor with sensory reactivity patterns (ps > .28).
When autistic participants were excluded, the association between respiratory sinus arrhythmia
and Sensory-Motor behaviors remained significant (r(54) = -.29, p = .031), and the correlation
with Ritualistic/Sameness behaviors now reached significance (r(54) = -.33, p = .012).
Additionally, respiratory sinus arrhythmia was also significantly and negatively associated with
Self-Injurious behaviors (r(54) = -.34, p = .01). Skin conductance levels were not associated with
any of the sensory reactivity patterns or the RRB subtypes (ps > .16).
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Regression Analysis
In the hierarchical regression predicting overall RRB levels, Model 1 of the regression,
which included age, sensory reactivity patterns (hypo-reactivity, hyper-reactivity, and sensory
seeking), and autonomic measures (respiratory sinus arrhythmia and skin conductance level),
was significant (R² = .33, F(6,59) = 4.37, p = .001). Model 2, which included the interaction
terms between sensory reactivity patterns and autonomic measures, was also significant (R² =
.42, F(12,47) = 2.83, p = .005), with age and hyper-reactivity significantly predicting overall
2
RRB (Bs > .36, p < .02). However, the change in R² was not significant (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .09,

𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,47) = 1.19, p = .33), with only a marginally significant interaction between hyporeactivity and skin conductance level at baseline (B = -.29, p = .068). None of the other
interaction terms were significant (ps > .21; see Table 6.2(a) for the full statistics). When autistic
children were excluded from the analysis, skin conductance level at baseline significantly
explained a unique amount of variance in overall RRB (B = .41, p = .008). Additionally, the
interaction between hypo-reactivity and respiratory sinus arrhythmia was significant (B = .35, p
= .018), suggesting that the relationship between overall RRB and hypo-reactivity changes as a
function of respiratory sinus arrhythmia levels at baseline (see Table 6.2(b) for the full statistics).
Follow-up partial correlation analysis on the interaction between respiratory sinus
arrhythmia and hypo-reactivity in predicting overall RRB in non-autistic children showed that in
either of the respiratory sinus arrhythmia levels (high or low), the correlations between hyporeactivity and overall RRB were not significant (ps > .51)
In the hierarchical regression predicting Sensory-Motor behaviors, Model 1 of the
regression was significant (R² = .29, F(6,54) = 3.68, p = .004), with respiratory sinus arrhythmia
at baseline significantly predicting these behaviors (B = -.28, p = 021). Model 2 (adding
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interaction terms) was also significant (R² = .36, F(12,48) = 2.24, p = .025). However, the change
2
in R² was not significant (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .07, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,48) = .85, p = .54). The interaction term

between sensory seeking and respiratory sinus arrhythmia was marginal (B = -.22, p = .092), and
none of the other interaction terms were significant (ps > .41). Findings suggest that the
autonomic activity at baseline does not significantly change the relationship between sensory
reactivity and Sensory-Motor behaviors (see Table 6.3(a) for the full statistics). When the autistic
children were excluded, both models were significant (ps < .001) as well as the change in R²
2
(𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .17, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,56) = 2.92, p = .018). Baseline respiratory sinus arrhythmia marginally

predicted Sensory-Motor behaviors (B = -.26, p = .058). The interaction between hypo-reactivity
and respiratory sinus arrhythmia was significant (B = .34, p = .019), and the interactions between
hyper-reactivity and respiratory sinus arrhythmia was marginal (B = -.24, p = .068). Further, the
interactions between hyper-reactivity, sensory seeking, and skin conductance level were
marginal (ps < . 056; see Table 6.3(b) for the full statistics). Findings suggest that in non-autistic
children, the relationship between hypo-reactivity and Sensory-Motor behaviors changes as a
function of respiratory sinus arrhythmia levels at baseline.
Follow-up partial correlation analysis on the interaction between hypo-reactivity and
respiratory sinus arrhythmia in predicting Sensory-Motor behaviors in non-autistic children
showed that in either of the respiratory sinus arrhythmia levels, the correlation was not
significant (ps > .55).
In the hierarchical regression model predicting Restricted Interests behaviors, none of the
models were significant (R²s < .17, p > .25), nor was the change in R² (p = .89). None of the
interaction terms were significant (ps > .18). Findings suggest that autonomic activity does not
affect the relationships between sensory reactivity and Restricted Interests (see Table 6.4(a) for
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the full statistics). When excluding the autistic children from the analysis, the models were still
not significant (ps > .39), however, the interaction between sensory seeking and respiratory sinus
arrhythmia was significant (B = .36, p = .020), and the interactions between hypo-reactivity,
hyper-reactivity, and respiratory sinus arrhythmia were marginal (ps < .077; see Table 6.4(b) for
the full statistics). Findings suggest that in non-autistic children, the relationship between
sensory-seeking and Restricted Interests behaviors changes as a function of respiratory sinus
arrhythmia levels at baseline.
Follow-up on the interaction between respiratory sinus arrhythmia and sensory seeking in
predicting Restricted Interests in non-autistic children, a partial correlation showed that in either
of the respiratory sinus arrhythmia levels, the correlations were not significant (ps > .22).
In the hierarchical regression predicting Self-Injurious behaviors, Models 1 (R² = .22,
F(6,54) = 2.47, p = .035) and Model 2 (R² = .53, F(12,48) = 4.51, p < .001) were significant, as
2
well as the change in R² (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .31, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,48) = 5,35, p < .001). Skin conductance level

at baseline explained a unique amount in the variance of Self-Injurious behaviors (B = .43, p =
.004). Additionally, the interactions between sensory seeking and respiratory sinus arrhythmia (B
= -.50, p < .001) and between hyper-reactivity and skin conductance level (B = .26, p = .04) were
significant, and there was a marginal interaction between hypo-reactivity and respiratory sinus
arrhythmia (B = .22, p = .079). Findings suggest that the main predictor of Self-Injurious
behaviors is skin conductance level at baseline, and that the relationship between Self-Injurious
behaviors and sensory seeking changes as a function of respiratory sinus arrhythmia levels, and
that the relationship between hyper-reactivity and Self-Injurious behaviors changes as a function
of skin conductance levels at baseline (see Table 6.5(a) for the full statistics). When autistic
children were excluded, Model 1 was only marginally significant (R² = .45, F(6,50) = 2.09, p =
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.070), and respiratory sinus arrhythmia at baseline, but not skin conductance level, predicted
Self-Injurious behaviors (B = -.37, p = .009). Additionally, only the interaction between sensory
seeking and respiratory sinus arrhythmia remained significant (B = -.55, p < .001), suggesting
that in non-autistic children, only the relationship between sensory seeking and Self-Injurious
behaviors changes as a function of respiratory sinus arrhythmia levels (see Table 6.5(b) for the
full statistics).
Follow-up on the interaction between respiratory sinus arrhythmia and sensory seeking in
predicting Self-Injurious behaviors in the combined sample, partial correlation analysis showed
that respiratory sinus arrhythmia levels affected the relationship between sensory seeking and
Self-Injurious behaviors such that in children with low levels of respiratory sinus arrhythmia,
sensory seeking and Self-Injurious behaviors are significantly and positively correlated (r(28) =
.44, p = .016), but not in the group with high respiratory sinus arrhythmia levels (r(29) = .01, p =
.95; see Figure 6.2). The follow-up analysis on the interaction between skin conductance level
and hyper-reactivity in predicting Self-Injurious behaviors revealed no significant correlations
between hyper-reactivity and Self-Injurious behaviors in either of the skin conductance levels (ps
> .26). When examining these follow-up analyses in the non-autistic sample, results remained the
same with significant and positive correlation between sensory seeking and Self-Injurious
behaviors in the low respiratory sinus arrhythmia levels (r(26) = .46, p = .014), but not in the
high respiratory sinus arrhythmia levels (r(27) = .10, p = .61; see Figure 6.2).
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(a)

(b)
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Figure 6.2. Correlations between sensory seeking and Self-Injurious behaviors in (a) combined sample of
autistic and non-autistic children, and (b) in non-autistic children only as a function of respiratory sinus
arrhythmia levels. The correlation was significant in the low levels of respiratory sinus arrhythmia (ps <
.017), but not in the high levels (ps > .62).

In the hierarchical regression predicting Compulsive behaviors, Model 1 (R² = .22,
F(6,54) = 2.58, p = .028) and Model 2 (R² = .33, F(12,48) = 1.99, p = .046) were significant.
2
However, the change in R² was not significant (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .11, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,48) = 1.32, p = .27).

The interaction between hyper-reactivity and respiratory sinus arrhythmia at baseline was
significant (B = .30, p = .045). Findings suggest that the relationship between hyper-reactivity
and Compulsive behaviors changes as a function of respiratory sinus arrhythmia levels at
baseline (see Table 6.6(a) for the full statistics). When autistic children were excluded from the
analysis, Model 1 and 2 remained significant, and the change in R² became marginally
2
significant (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .19, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,50) = 2.30, p = .051), but none of the autonomic activity

coefficients nor the interaction terms were significant (ps > .11; see Table 6.6(b) for the full
statistics).
Following up on the interaction between respiratory sinus arrhythmia and hyperreactivity in predicting Compulsive behaviors in the combined sample of autistic and non-autistic
children, partial correlation analysis showed that in the high respiratory sinus arrhythmia levels,
hyper-reactivity and Compulsive behaviors were significantly and positively associated (r(29) =
.39, p = .030), but not in the low respiratory sinus arrhythmia levels (r(28) = .03, p = .86; see
Figure 6.3). No follow-up analyses were conducted excluding the autistic children because none
of the interactions were significant.
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Figure 6.3. Correlations between hyper-reactivity and Compulsive behaviors in autistic and non-autistic
children as a function of respiratory sinus arrhythmia levels. The correlation was significant in the high
levels of respiratory sinus arrhythmia (p = .030), but not in the low levels of respiratory sinus arrhythmia
(p = .86).

In the hierarchical regression predicting Ritualistic/Sameness behaviors, Model 1 was
marginally significant (R² = .19, F(6,54) = 2.10, p = .069), and respiratory sinus arrhythmia at
baseline (B = -.26, p = .044) added a significant unique contribution in predicting
Ritualistic/Sameness behaviors. Skin conductance level at baseline marginally contributed to the
model (B = -.27, p = .072). Model 2 (R² = .30, F(12,48) = 1.68, p = .10), as well as the change in
2
R² (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .11, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,48) = 1.21, p = .32) were not significant. Findings suggest that the

relationship between sensory reactivity and Ritualistic/Sameness behaviors does not change as a
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function of autonomic activity (see Table 6.7(a) for the full statistics). When autistic children
were excluded from the analysis, Models 1 and 2 were significant (ps < . 032), and the change in
2
R² was marginal (𝑅𝑐ℎ𝑎𝑛𝑔𝑒
= .17, 𝐹𝑐ℎ𝑎𝑛𝑔𝑒 (6,50) = 2.10, p = .074; see Table 6.7(b) for the full

statistics). Respiratory sinus arrhythmia at baseline significantly predicted Ritualistic/Sameness
behaviors (B = -.35, p = .032), and the interactions between hypo-reactivity and respiratory sinus
arrhythmia , and between hyper-reactivity and respiratory sinus arrhythmia were significant (ps <
.05). Additionally, the interaction between sensory seeking and skin conductance level was
marginal (B = .28, p = .087). Findings suggest that the relationships between hypo-reactivity and
Ritualistic/Sameness behaviors, and between hyper-reactivity and Ritualistic/Sameness
behaviors change as a function of respiratory sinus arrhythmia levels at baseline.
In following up on the interaction between respiratory sinus arrhythmia and hyporeactivity in predicting Ritualistic/Sameness behaviors in non-autistic children, partial correlation
analysis showed that in the high respiratory sinus arrhythmia levels, the correlation was marginal
(r(27) = .33, p = .077), and in the low respiratory sinus arrhythmia levels, the correlation was not
significant (r(26) = -.08, p = .69).
The partial correlation analysis following up on the interaction between respiratory sinus
arrhythmia and hyper-reactivity in predicting Ritualistic/Sameness behaviors in non-autistic
children showed that in the high respiratory sinus arrhythmia levels, the correlation was
significant and positive (r(27) = .46, p = .013), but not in the low respiratory sinus arrhythmia
levels (r(26) = .21, p = .29; see Figure 6.4).
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Figure 6.4. Correlations between hyper-reactivity and Ritualistic/Sameness behaviors in non-autistic
children as a function of respiratory sinus arrhythmia levels. The correlation between hyper-reactivity and
Ritualistic/Sameness behaviors was significant in the high respiratory sinus arrhythmia levels (p = .013),
but not in the low respiratory sinus arrhythmia levels (p = .29).
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(a) Table 6.2
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Multiple Regression Predicting Overall RRB From Sensory Reactivity and Autonomic Activity in Autistic and NonAutistic Children
Standardized
B
t
p
R²
F
df
p
.33
4.37
6,53
.001
Age
.288*
2.081
.042
Hypo-Reactivity
.184
1.601
.115
Hyper-Reactivity
.477***
3.925
<.001
Sensory Seeking
.032
.250
.803
Baseline RSA
-.116
-.989
.327
Baseline SCL
.046
.343
.733
.42
2.83
12,47
.005
Interaction: Hypo X RSA
-.060
-.422
.675
Interaction: Hyper X RSA
.177
1.269
.211
Interaction: Seeking X RSA
-.085
-.707
.483
Interaction: Hypo X SCL
-.293
-1.865
.068
Interaction: Hyper X SCL
-.055
-.399
.691
Interaction: Seeking X SCL
-.026
-.183
.855
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.2

100

Multiple Regression Predicting Overall RRB From Sensory Reactivity and Autonomic Activity in Non-Autistic
Children
Standardized
B
t
p
R²
F
df
p
.49
7.82
6,49
<.001
Age
.474**
3.353
.002
Hypo-Reactivity
-.069
-.593
.556
Hyper-Reactivity
.547***
4.302
<.001
Sensory Seeking
-.039
-.281
.780
Baseline RSA
.101
.738
.465
Baseline SCL
.405**
2.782
.008
.59
5.08
12,43
<.001
Interaction: Hypo X RSA
.349*
2.454
.018
Interaction: Hyper X RSA
.107
.819
.417
Interaction: Seeking X RSA
.016
.148
.883
Interaction: Hypo X SCL
.140
.875
.386
Interaction: Hyper X SCL
-.148
-1.095
.280
Interaction: Seeking X SCL
.053
.395
.695
Note: *p < .05; ** p < .01; ***p < .001

(a) Table 6.3
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Multiple Regression Predicting Sensory-Motor Behaviors From Sensory Reactivity and Autonomic Activity in
Autistic and Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.29
3.68
6,54
.004
Age
.297*
2.103
.040
Hypo-Reactivity
.057
.485
.630
Hyper-Reactivity
.379**
3.027
.004
Sensory Seeking
.103
.796
.429
Baseline RSA
-.284*
-2.376
.021
Baseline SCL
.018
.130
.897
.36
2.36
12,48
.025
Interaction: Hypo X RSA
.121
.831
.410
Interaction: Hyper X RSA
.082
.581
.564
Interaction: Seeking X RSA
-.216
-1.722
.092
Interaction: Hypo X SCL
.004
.024
.981
Interaction: Hyper X SCL
.116
.811
.421
Interaction: Seeking X SCL
-.010
-.069
.945
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.3
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Multiple Regression Predicting Sensory-Motor Behaviors From Sensory Reactivity and Autonomic Activity in NonAutistic Children
Standardized
B
t
p
R²
F
df
p
.39
5.29
6,50
<.001
Age
.291*
2.036
.048
Hypo-Reactivity
-.027
-.232
.818
Hyper-Reactivity
.461**
3.518
.001
Sensory Seeking
.027
.193
.848
Baseline RSA
-.262
-1.944
.058
Baseline SCL
.030
.203
.840
.56
4.71
12,44
<.001
Interaction: Hypo X RSA
.342*
2.427
.019
Interaction: Hyper X RSA
-.242
-1.868
.068
Interaction: Seeking X RSA
-.099
-.888
.380
Interaction: Hypo X SCL
.167
1.067
.292
Interaction: Hyper X SCL
-.272
-1.967
.055
Interaction: Seeking X SCL
.273
1.993
.053
Note: *p < .05; ** p < .01; ***p < .001

(a) Table 6.4
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Multiple Regression Predicting Restricted Interests From Sensory Reactivity and Autonomic Activity in Autistic
and Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.13
1.34
6,54
.26
Age
-.004
-.027
.978
Hypo-Reactivity
.267*
2.043
.046
Hyper-Reactivity
-.048
-.345
.731
Sensory Seeking
.131
.909
.367
Baseline RSA
-.142
-1.075
.287
Baseline SCL
-.225
-1.477
.146
.17
.81
12,48
.64
Interaction: Hypo X RSA
-.118
-.713
.479
Interaction: Hyper X RSA
-.036
-.223
.824
Interaction: Seeking X RSA
.069
.482
.632
Interaction: Hypo X SCL
-.245
-1.341
.186
Interaction: Hyper X SCL
-.043
-.265
.792
Interaction: Seeking X SCL
-.080
-.475
.637
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.4
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Multiple Regression Predicting Restricted Interests From Sensory Reactivity and Autonomic Activity in NonAutistic Children
Standardized
B
t
p
R²
F
df
p
.041
.36
6,50
Age
.204
1.076
.288
.90
Hypo-Reactivity
-.030
-.197
.845
Hyper-Reactivity
-.024
-.137
.891
Sensory Seeking
.238
1.265
.213
Baseline RSA
-.109
-.609
.546
Baseline SCL
.105
.533
.597
.23
1.09
12,44
.40
Interaction: Hypo X RSA
.340
1.818
.076
Interaction: Hyper X RSA
-.335
-1.946
.058
Interaction: Seeking X RSA
.359*
2.422
.020
Interaction: Hypo X SCL
.233
1.122
.268
Interaction: Hyper X SCL
-.267
-1.458
.152
Interaction: Seeking X SCL
-.007
-.039
.969
Note: *p < .05; ** p < .01; ***p < .001

(a) Table 6.5
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Multiple Regression Predicting Self-Injurious Behaviors From Sensory Reactivity and Autonomic Activity in
Autistic and Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.22
2.47
6,54
.035
Age
.358*
2.412
.019
Hypo-Reactivity
-.003
-.024
.981
Hyper-Reactivity
.105
.801
.427
Sensory Seeking
.107
.780
.439
Baseline RSA
-.178
-1.418
.162
Baseline SCL
.430**
2.970
.004
.53
4.51
12,48
<.001
Interaction: Hypo X RSA
.224
1.797
.079
Interaction: Hyper X RSA
.159
1.309
.197
Interaction: Seeking X RSA
-.496***
-4.605
<.001
Interaction: Hypo X SCL
.145
1.053
.297
Interaction: Hyper X SCL
.258*
2.109
.040
Interaction: Seeking X SCL
-.082
-.644
.522
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.5
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Multiple Regression Predicting Self-Injurious Behaviors From Sensory Reactivity and Autonomic Activity in NonAutistic Children
Standardized
B
t
p
R²
F
df
p
.20
2.09
6,50
.07
Age
.247
1.739
.089
Hypo-Reactivity
.114
.985
.330
Hyper-Reactivity
-.120
-.921
.362
Sensory Seeking
.134
.947
.349
Baseline RSA
-.366**
-2.736
.009
Baseline SCL
.140
.954
.345
.57
4.80
12,44
<.001
Interaction: Hypo X RSA
.074
.530
.599
Interaction: Hyper X RSA
-.006
-.044
.965
Interaction: Seeking X RSA
-.554***
-4.988
<.001
Interaction: Hypo X SCL
-.077
-.496
.623
Interaction: Hyper X SCL
-.183
-1.332
.190
Interaction: Seeking X SCL
.195
1.435
.158
Note: *p < .05; ** p < .01; ***p < .001

(a) Table 6.6
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Multiple Regression Predicting Compulsive Behaviors From Sensory Reactivity and Autonomic Activity in Autistic
and Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.22
2.58
6,54
.028
Age
.068
.459
.648
Hypo-Reactivity
.379**
3.068
.003
Hyper-Reactivity
.208
1.584
.119
Sensory Seeking
-.082
-.606
.547
Baseline RSA
-.001
-.005
.996
Baseline SCL
.125
.868
.389
.33
1.99
12,48
.046
Interaction: Hypo X RSA
-.089
-.597
.554
Interaction: Hyper X RSA
.298*
2.061
.045
Interaction: Seeking X RSA
-.151
-1.178
.245
Interaction: Hypo X SCL
.159
.971
.336
Interaction: Hyper X SCL
.028
.194
.847
Interaction: Seeking X SCL
-.164
-1.089
.282
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.6
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Multiple Regression Predicting Compulsive Behaviors From Sensory Reactivity and Autonomic Activity in NonAutistic Children
Standardized
B
t
p
R²
F
df
p
.22
2.41
6,50
.04
Age
.023
.141
.889
Hypo-Reactivity
.341*
2.523
.015
Hyper-Reactivity
-.091
-.598
.553
Sensory Seeking
.266
1.615
.114
Baseline RSA
-.008
-.053
.958
Baseline SCL
-.040
-.230
.819
.41
2.54
12,44
.012
Interaction: Hypo X RSA
-.200
-1.219
.229
Interaction: Hyper X RSA
.244
1.616
.113
Interaction: Seeking X RSA
-.065
-.498
.621
Interaction: Hypo X SCL
.129
.708
.482
Interaction: Hyper X SCL
-.233
-1.454
.153
Interaction: Seeking X SCL
-.121
-.761
.451
Note: *p < .05; ** p < .01; ***p < .001

(a) Table 6.7
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Multiple Regression Predicting Ritualistic/Sameness Behaviors From Sensory Reactivity and Autonomic Activity in
Autistic and Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.19
2.10
6,54
.069
Age
-.006
-.043
.966
Hypo-Reactivity
.049
.391
.697
Hyper-Reactivity
.289*
2.159
.035
Sensory Seeking
-.045
-.325
.746
Baseline RSA
-.264*
-2.066
.044
Baseline SCL
-.270
-1.835
.072
.30
1.68
12,48
.10
Interaction: Hypo X RSA
.254
1.660
.103
Interaction: Hyper X RSA
-.236
-1.590
.118
Interaction: Seeking X RSA
.017
.131
.896
Interaction: Hypo X SCL
.227
1.346
.185
Interaction: Hyper X SCL
-.142
-.946
.349
Interaction: Seeking X SCL
.234
1.508
.138
Note: *p < .05; ** p < .01; ***p < .001

(b) Table 6.7
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Multiple Regression Predicting Ritualistic/Sameness Behaviors From Sensory Reactivity and Autonomic Activity in
Non-Autistic Children
Standardized
B
t
p
R²
F
df
p
.24
2.55
6,50
.031
Age
.011
.066
.948
Hypo-Reactivity
.013
.096
.924
Hyper-Reactivity
.308*
2.012
.050
Sensory Seeking
-.074
-.445
.659
Baseline RSA
-.347*
-2.212
.032
Baseline SCL
-.174
-1.008
.319
.40
2.49
12,44
.014
Interaction: Hypo X RSA
.332*
2.020
.049
Interaction: Hyper X RSA
-.376*
-2.483
.017
Interaction: Seeking X RSA
.121
.931
.357
Interaction: Hypo X SCL
.288
1.578
.122
Interaction: Hyper X SCL
-.239
-1.482
.145
Interaction: Seeking X SCL
.280
1.753
.087
Note: *p < .05; ** p < .01; ***p < .001

Discussion
The current study aimed to examine the relationship between sensory reactivity, RRB,
and autonomic activity in autistic and non-autistic children. The main findings of this study are:
1) autonomic activity of both the parasympathetic and sympathetic branches were not associated
with sensory reactivity patterns, 2) reduced parasympathetic activity, measured through lower
respiratory sinus arrhythmia, was associated with more sensory-motor behaviors, 3) elevated
sympathetic activity, measured through higher skin conductance level, was associated with more
self-injurious behaviors, 4) parasympathetic activity interacted with sensory reactivity patterns
(i.e., hyper-reactivity and sensory seeking) in predicting compulsive and self-injurious behaviors,
and 5) sympathetic activity interacted with hyper-reactivity in predicting self-injurious
behaviors.
Past work has established relationships between sensory reactivity and RRB in autistic
(e.g., Gabriels et al., 2008) and non-autistic children (e.g., Schulz & Stevenson, 2019). Studies
have found that overall levels of sensory reactivity are associated with different RRB subtypes
(Duerden et al., 2012; Gal et al., 2010), overall levels of RRB are associated with different
sensory reactivity patterns (e.g., Feldman et al., 2020), and sensory reactivity patterns are
associated with RRB subtypes (Boyd et al., 2010; Schulz & Stevenson, 2019; Wigham et al.,
2015). In the current study, different sensory reactivity patterns were again found to be
associated with RRB subtypes (see Chapter 5).
Studies have also begun to examine the relationship between autonomic activity, sensory
reactivity, and RRB. However, findings are inconclusive and there is wide variation in
measurements and interpretation (for review see Gomez et al., 2017). The first aim of the current
study was to comprehensively examine the relationships between autonomic activity, sensory
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reactivity patterns, and RRB subtypes. Findings showed that reduced parasympathetic activity,
indicated by lower respiratory sinus arrhythmia, was associated with more sensory-motor
behaviors (after controlling for sensory reactivity), which is in line with past studies that found
relationship between parasympathetic activity and RRB (Condy et al., 2017; Matsushima et al.,
2016). Additionally, the current study found that elevated sympathetic activity, indicated by
higher skin conductance level at baseline, was associated with increased levels of self-injurious
behaviors, again, after controlling for sensory reactivity. These results add to past work that
found correlations between sympathetic activity and RRB (Prince et al., 2017). However, in
contrast to past work, sensory reactivity, in the current study, was not associated with
parasympathetic activity (e.g., Schaaf et al., 2015) nor with sympathetic activity (Chang et al.,
2012; McIntosh et al., 1999). Perhaps, measuring autonomic activity at baseline was not a
sensitive enough measure of to capture the variability in the relationships between sensory
reactivity and RRB, and perhaps measurement of autonomic activity closer to a presentation of a
sensory stimulus will be more precise. It is possible that the altered autonomic activity that might
be more associated with sensory reactivity and RRB is manifested as a response to a stimulus,
and not just at baseline (i.e., without any sensory input). Additionally, the complicated
interactions between the parasympathetic and sympathetic nervous systems might affect the
ability to find associations. Although the parasympathetic nervous system supports a calmer
physiological state while the sympathetic nervous system supports more stressed and acute
states, both branches do not function in perfect oscillation. One branch can be more active while
the other is less active, they can both show reduced activation simultaneously, or elevated
activation simultaneously. This flexibility in activation allow flexibility in behaviors (von Borell
et al., 2007), and perhaps wide variability in autonomic patterns at baseline have different, even
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opposing, effects on sensory reactivity, hence, the lack of associations. Future work should use
cluster analysis to find the ultimate grouping mechanism based on both parasympathetic and
sympathetic activity and examine these clusters in relation to sensory reactivity patterns.
The second aim of the current study was to examine whether differences in autonomic
activity affect the relationships between sensory reactivity and RRB. Overall, findings suggest
that when autistic children were not included, the autonomic activity impact on the relationship
between sensory reactivity patterns and RRB subtypes was greater than when the small sample
of autistic children was included. It is possible that due to the very small sample of autistic
children and the great heterogeneity among autistic individuals, some non-significant results in
the combined sample turned significant in the non-autistic sample, which might be more
homogenous in its autonomic activity. Research by Hirstein et al. (2001) suggests that there are
two sympathetic responder types – Type 1 and Type 2, and each has a unique skin conductance
response pattern. Children in their study who were classified as Type 1 (the majority of the
children) showed elevated skin conductance level that kept increasing across the time of the
session, and children in the Type 2 group showed steadily low and almost flat skin conductance
levels, unless they were engaged in extreme behaviors such as self-injurious behaviors. This
study suggests that within autistic individuals, autonomic responding patterns can vary
dramatically, which could be the case in the small sample of autistic children in the current
study. More research is needed to clarify autonomic response patterns in autistic and non-autistic
children and to explore if there is a threshold to autonomic activity that differentiates responding
patterns to sensory stimuli. Examination of this kind can help characterize the physiological state
of children in daily activities, including in class or in therapy, and can help understand the impact
of the sensory environment on behavior.
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Additional findings of the current study showed that in the combined sample of autistic
and non-autistic children, skin conductance level affected the relationship between hyperreactivity and self-injurious behaviors. Referring to the working model (see Figure 2.1), the
potential mechanism could be that those who cannot filter sensory input well, and as a result
register an overwhelming amount of it and might also have intense and prolonged response to
sensory stimuli (i.e., hyper-reactivity), might be alarmed by sensory stimuli, which together with
elevated sympathetic state at baseline can be the reason for the need for extreme self-regulatory
behavior such as self-injurious behaviors. Therefore, for the follow up analysis, it was
hypothesized that in the group with high levels of skin conductance, the correlation between
hyper-reactivity and self-injurious behaviors will be stronger than in the group with low levels of
skin conductance. However, the follow-up analysis showed that in neither of the skin
conductance levels the correlation between hyper-reactivity and self-injurious behaviors was
significant. With a larger sample of autistic children, the nature of this interaction should be
further examined.
Additionally, in the combined sample of autistic and non-autistic children, respiratory
sinus arrhythmia was found to affect the relationship between sensory seeking and self-injurious
behaviors and between hyper-reactivity and compulsive behaviors. Based on the working model
(see Figure 2.1), for self-injurious behaviors, it was assumed that those with sensory seeking
patterns, meaning they have extreme interest in sensory input and prolonged response to it, might
also seek extreme self-regulatory behaviors that can provide intense sensory feedback and fulfil
their need in extreme sensory stimulation. The potential role of the autonomic activity could be
that if parasympathetic activity is reduced, then it might reduce the behavioral flexibility so they
might turn to extreme behaviors. Additionally, in lower levels of parasympathetic activation, and
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together with sensory seeking patterns, it is possible that extreme behaviors, such as selfinjurious behaviors, help with physiological stimulation and satisfying the “craving” for sensory
feedback simultaneously. The follow-up analysis showed that the correlation between sensory
seeking and self-injurious behaviors was significant in the low levels of respiratory sinus
arrhythmia (i.e., reduced parasympathetic activity), which provide support to the potential
explanation above. This was also found when the autistic children were excluded, which
emphasizes the importance of inclusion of non-autistic samples, as these two samples share
characteristics.
For compulsive behaviors, based on the working model (see Figure 2.1), it was assumed
that hyper-reactivity patterns in combination with reduced parasympathetic activity would create
an overwhelming state of extreme and prolonged responses to sensory stimuli that is combined
with limited behavioral flexibility (limited by reduced parasympathetic activity), which in turn,
can lead to the need for behaviors that help reduce uncertainty, increase predictability, and also
reduce stress, such as compulsive behaviors. Therefore, it was hypothesized that hyper-reactivity
and compulsive behaviors will be associated in the low levels of respiratory sinus arrhythmia.
However, follow up analysis did not support this hypothesis, and instead, the correlation between
hyper-reactivity and compulsive behaviors was significant in the high levels of respiratory sinus
arrhythmia. This finding is surprising, as high parasympathetic activity is associated with better
behavioral adaptability (e.g., better social skills), and with more behavioral flexibility (as the
heart can provide sufficient amount of oxygenated blood to the organs based on rapidly changing
demands of the dynamic environment). Perhaps there is a threshold for parasympathetic activity,
and above it might also impede adaptive behaviors and flexibility. In this case, it is possible that
those with hyper-reactivity patterns are usually occupied with intense responding to sensory
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stimuli, and given that high parasympathetic activity allow greater behavioral flexibility, the
many options for behaviors might be experienced as overwhelming, and compulsive behaviors
can help with behavioral organization by casting rigid rules, which might limit the array of
behaviors to choose from, which can help with regulation. The optimal level of parasympathetic
activation and its impact on behavioral flexibility should be further studied in future research.
Findings from the analysis with the non-autistic sample showed that the relationship
between 1) hypo-reactivity and overall RRB, 2) hypo-reactivity and sensory-motor behaviors, 3)
sensory seeking and restricted interests, 4) sensory seeking and self-injurious behaviors, and 5)
hypo- and hyper-reactivity and ritualistic/sameness behaviors were all affected by different
levels of respiratory sinus arrhythmia. Overall, children with hypo-reactivity patterns and
reduced parasympathetic activation might need more RRB to regulate their slow-to-respond
system and, perhaps, RRB have a role in stimulating it. Therefore, for overall RRB levels, it was
expected that in the low levels of respiratory sinus arrhythmia, hypo-reactivity and overall RRB
will be related. However, the follow-up analysis did not confirm this hypothesis, and the
correlation between hypo-reactivity and overall RRB was not significant in either of the
respiratory sinus arrhythmia levels. Possibly, the lack of the correlation is due to large variability
in RRB subtypes, and perhaps there is one or more subtypes that drove this interaction. The next
paragraphs will aim to interpret the specific results regarding the different RRB subtypes based
on the working model of this dissertation (see Figure 2.1) and speculate about how autonomic
activity underlie the relationship between sensory reactivity and RRB in non-autistic children.
In regard to sensory-motor behaviors, it is possible that those with hypo-reactivity
patterns and reduced parasympathetic activity are more limited in their self-regulatory behaviors
repertoire (because greater parasympathetic activity allow behavioral flexibility). Therefore, they
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use more sensory-motor behaviors, which are considered to be simple behaviors. Based on this,
it was expected that the correlation between hypo-reactivity and sensory-motor behaviors will be
significant in the low respiratory sinus arrhythmia levels. However, results did not support this
explanation, and the relationship between hypo-reactivity and sensory-motor behaviors was not
significant in either of the respiratory sinus arrhythmia levels. It is possible that even in the lower
levels of parasympathetic activation, non-autistic children can still somewhat regulate. Thus,
finding a range of respiratory sinus arrhythmia levels that are associated with more RRB might
be beneficial.
For restricted interests, those with extreme interest in sensory stimulation (i.e., sensory
seeking), might seek some subject to focus on, which could be rewarding and provide the needed
sensory feedback. This can be affected by increased parasympathetic activity, as it can allow a
calm physiological state that will promote exploration and focused attention. Based on this, it is
hypothesized that in the high levels of respiratory sinus arrhythmia, sensory seeking and
restricted interests will be associated. However, results from the follow-up analysis did not
confirm this hypothesis, and the relationship between sensory seeking and restricted interests
was not significant in either high or low parasympathetic activity levels.
For ritualistic/sameness behaviors, because respiratory sinus arrhythmia affected the
relationships with both hypo- and hyper-reactivity it was hypothesized that in the low respiratory
sinus arrhythmia levels, both hypo- and hyper-reactivity will be associated with these behaviors,
because reduced parasympathetic activity might limit behavioral flexibility. Together with
atypical response to sensory stimuli, reduced parasympathetic activity might explain why
insisting on sameness and sticking to a specific order of action might be preferred. However, the
follow-up analysis did not support these hypotheses, and hypo-reactivity was not significantly
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associated with ritualistic/sameness behaviors in either of the low or high parasympathetic
activity levels. In contrast, hyper-reactivity and ritualistic/sameness behaviors were associated in
the high respiratory sinus arrhythmia levels. As hypothesized for the relationship between hyperreactivity and compulsive behaviors above, perhaps there is a threshold that above it, increased
parasympathetic activation allows too much behavioral flexibility that together with hyperreactivity patterns becomes overwhelming, and lead to adapting restrictive, somewhat limited,
behaviors in order to regulate.
The current study is the first to include both sympathetic and parasympathetic measures
in the examination of sensory reactivity patterns and RRB subtypes, and the first to explore the
impact of autonomic activity on the relationship between these constructs. However, the present
study has several limitations. First, the current study included a very small autistic sample size,
due to recruitment challenges and interference of a global pandemic. This small sample size did
not allow group comparisons. Additionally, the potential large heterogeneity in physiological
responses and behaviors could not be tested and might also obscure some of the potential
patterns. To account for that, all analysis that included autistic participant were repeated in only
the non-autistic sample, and differences in results and patterns were described and discussed.
With that, future research should include a larger autistic sample size to be examined alongside a
non-autistic sample to better understand the similarities and differences in the impact of
dysregulated autonomic activity on behaviors.
Second, the potential different responding patterns to the different sensory modalities
(e.g., auditory, visual, vestibular, olfactory, tactile) were not examined due to an already large
number of comparisons. However, future analysis of the sample will account for differences in
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sensory reactivity patterns in the different sensory modalities with the aim to better characterize
sensory reactivity in the general population.
Third, autonomic activity was measured during baseline and not as a response to sensory
stimuli, thus limiting the ability to point out the role of autonomic activity in the relationship
between sensory reactivity and RRB. Future research will use a time-series design to examine
whether changes in autonomic activity as a response to sensory stimuli in real time can predict
restricted and repetitive behaviors, and whether restricted and repetitive behaviors then lead to
changes in autonomic activity caused by sensory stimulation.
Finally, the potential effect of the interaction between sympathetic and parasympathetic
activity was not included in the analyses due to lack of statistical power. However, it is important
to understand how both branches of the autonomic nervous system interact and how that might
affect related sensory responses and behaviors. Future work should aim to examine autonomic
response profiles that include the interaction between sympathetic and parasympathetic activity
in relation to sensory reactivity and in predicting RRB subtypes.
In conclusion, the current study systematically examined both the sympathetic and
parasympathetic nervous system, which allowed us to identify how physiological markers affect
the relationships between sensory reactivity and RRB. A clearer understanding of which
physiological markers most accurately reflect atypicalities in sensory responsiveness could allow
for better monitoring and control of these responses during therapeutic sessions or in the
classroom, and this holds promise for improving developmental outcomes and increasing levels
of adaptive behaviors in children. Future work should continue to examine the impact of
autonomic activity on the relationship between sensory reactivity and RRB in study designs that
will allow examining how immediate changes in autonomic activity as a response to sensory
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stimuli affect behaviors. Future research should also include measures of stress and/or anxiety,
with previous work showing that lower respiratory sinus arrhythmia was associated with more
anxiety (Appelhans & Luecken, 2006), and that anxiety was associated with RRB (e.g., Baribeau
et al., 2022; Rodgers et al., 2012; for a review, see Glod et al., 2019). Further, in order to learn
about the potential developmental trajectories, longitudinal designs should examine autonomic
activity alongside sensory reactivity patterns and RRB subtypes in infants with an increased
likelihood for autism (by virtue of having an autistic older sibling). Understanding the
relationships between RRB and sensory reactivity in depth, including the physiological
underlying mechanism, can help better understand the role of RRB. Additionally, this work has
the potential to provide insights into the mechanisms underlying sensory reactivity and RRB and
to support RRB-targeted and sensory-tailored therapy.
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CHAPTER 7
The way we experience the world is affected by our physiology, and there are many ways
by which sensory input in our environment can be processed. As I described at the beginning,
our senses are bombarded with sensory stimuli, and across development we learn how to filter
out irrelevant stimuli and to respond to relevant ones. Sometimes, when in a new environment, or
when there is excessive sensory input (e.g., sharp smell, bright light, loud sound, very cold or hot
temperature), response patterns can change and alter the way we would respond and attend to our
environment, which can lead to an overwhelming experience. To regulate, we might use some
self-regulatory behaviors (e.g., cover nose/eyes/ears, jump in place, tap on the table), so we can
focus our attention on the relevant features of the environment, therefore these behaviors can
help to promote appropriate responses. The current dissertation suggested a potential mechanism
that underlie the relationship between the way we respond to sensory stimuli and self-regulatory
behaviors, which might be needed in cases of dysregulated response patterns. The main goal of
this dissertation was to begin examining the role of autonomic activity in underlying the
relationship between sensory reactivity and RRB, such that the response patterns to sensory
stimuli might affect autonomic activity, which might need to be regulated with self-regulatory
behaviors (e.g., RRB). The three studies presented in this dissertation each examined a different
aspect of this model.
In the first study described in Chapter 4, the relationship between parasympathetic
activity and autistic behaviors, with RRB among them, was examined. Additionally,
parasympathetic activity was compared between non-autistic children and adults. Findings
showed that in adults, but not in children, reduced parasympathetic activity was associated with
elevated levels of RRB. Overall, results from this study suggest that reduced parasympathetic
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activity as a response to visual stimuli is associated with more self-regulatory behaviors in nonautistic adults. Children in this study showed increased pupil size at baseline, which might
explain the lack of relationship between parasympathetic measures and RRB in this age group.
Weak and slow PLR responses imply that the pupil might stay open at higher levels when
presented with strong visual stimulation. Because the pupil’s role is to regulate the amount of
light that enters the eye and falls on the retina (the tissue at the back of the eye that is responsible
for transferring information from the eye to the brain), if it stays more open during excessive
stimulation, it might cause sensory overloading (as more “information” enters the eye), which in
turn can lead to or is accompanied by dysregulation in autonomic activity that might need to be
regulated with self-regulatory behaviors such as RRB. However, it is unclear why these results
were found only in adults and not in children. Clarifying the developmental trajectory of pupil
light reflex responses can shed light on parasympathetic responding to sensory stimulation,
especially in the visual modality, and explain the differences in the relationship between
autonomic responding and self-regulatory behaviors between children and adults.
In the second study described in Chapter 5, the relationships between sensory reactivity
patterns, RRB subtypes, and adaptive behaviors were examined. The goal was to establish these
relationships that were previously found in autistic samples (or combined samples of autistic and
non-autistic children), in a non-autistic sample. Overall, the different RRB subtypes were
predicted from different combinations of sensory reactivity patterns. Additionally, clustering
children based on their levels of sensory reactivity across the three patterns showed that children
who were high on all three sensory reactivity patterns had overall more autistic traits, more RRB
across the different subtypes, and fewer adaptive behaviors. This study is the first step towards
establishing the relationship between sensory reactivity and RRB before examining its potential
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autonomic underlying mechanism. Results from this study emphasize the importance of
examining the impact of sensory reactivity in the general population because even in a
completely non-autistic sample, there was great variability in traits that were associated with
autistic individuals, which means that the broader population is also affected by the difficulties
associated with these features. Further examination of the effect of sensory reactivity on
development should incorporate responding profiles for the different sensory modalities, to
capture the full complexity of sensory experiences and their potential effects on behaviors.
In the third study, described in Chapter 6, the relationships between sensory reactivity
patterns, restricted and repetitive patterns, and autonomic activity of both the parasympathetic
and sympathetic nervous systems were examined. Additionally, the role of autonomic activity in
the relationship between sensory reactivity and RRB was examined. Results showed that
although autonomic activity was not directly associated with sensory reactivity, it did associate
with different types of RRB, and more importantly, it interacted with sensory reactivity patterns
in predicting different RRB. Findings suggest that autonomic activity might play a role in the
relationship between sensory reactivity and RRB. Interestingly, autonomic activity, and
parasympathetic activity in particular, affected more aspects of relationships between sensory
reactivity patterns and RRB subtypes in non-autistic children than in a combined sample of
autistic and non-autistic children. This might point to the large heterogeneity in autism, which
emphasizes the need for further research that will aim to find a range of activity level of both the
sympathetic and parasympathetic that are associated with autistic traits, and further examine the
possible combinations of autonomic activity that are affecting RRB. Even with all the results and
interpretations described in this dissertation (see Chapter 6 – Discussion), it is still unclear in
what way RRB help with self-regulation, what is the direction by which sensory reactivity and
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RRB are related, and whether dysregulations in autonomic activity precede or follow these
behaviors.
Future work should also examine the different autonomic responses patterns to sensory
input on the different sensory modalities in autistic and non-autistic children. Additionally,
changes in autonomic activity before and after RRB should be examined as well to better
understand how RRB might help with self-regulation. This line of work should aim to examine
whether changes in autonomic activity to sensory stimuli lead to RRB, and how autonomic
activity changes before and after RRB. Future studies should also examine stress as part of this
model, as it might play a role in RRB and affect autonomic activity.
Understanding the autonomic activity that follows sensory stimuli which might also
precede RRB, in addition to understanding the changes in autonomic activity patterns that might
follow RRB can have clinical as well as theoretical implications. First, identifying an autonomic
activity range that is associated with undesired behaviors could allow this activity to then be
monitored with wearable watches that can track cardiac and electrodermal activity. This range
could be adapted based on individual differences and be personalized, based on a quick
examination of the person’s responding to different sensory stimuli in varying intensity. Then, if
one enters into their non-optimal range, they can be notified and actively take actions to regulate.
Monitoring physiological responses can be especially beneficial to pre- or non-verbal individuals
who might struggle to communicate their physiological, emotional, and mental states, and using
an automated alert system can get them the support they need without the struggles that might
come with communication. Second, understanding the mechanism behind the relationship
between sensory reactivity and self-regulatory behaviors can promote sensory-tailored therapy
with room set ups that meet the individual’s sensory needs, which can in turn promote learning
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and therapy goals and achievements. Finally, if sensory reactivity indeed precede autonomic
changes that lead to RRB, it can provide support for understanding the potential temporal
relationship between sensory reactivity and RRB and provide evidence that sensory reactivity is
not a subtype of RRB, but a related, yet integral, construct.
It is important to end on a note that RRB should not be eliminated, as they have a key
role in the lives of many. The effort should be focused on destigmatizing RRB by validating their
physiological need. Just as it cannot be decided not to blink because it is a physical need with an
important function, it should be clarified that RRB also have a physiological basis and play a
vital role.
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